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Marine raucation eipbracing a 

muIti^iscipUnary approach to ^ 
envir6nrne»t; how it relates to i}eople and how 
change and relate to if; These"units are intended to serve 
as points of departure fc^ 
&fle©re^ to increa§g their awareness of the watery wdrid of 
'^this blue planetVEach Qriit includes irfea^ and V6tjWtfe^ 
drawn from a variety of'content areas-^ that Iteachers of 
n>any different subjKts at thefjunb - 
school levels can:n>ake use of them may be 

us€d'm:jhejrentire^^ 

infiiK int"^ ^ 
OarobjKfiveis fo 

wafer-rela_ted|7W^ did nbt^plan^a -str^ 
tbpics jfor g^^^^ 



teachfers^^ufeie^a^ 

=niiegenefal:fcrcus!V^ 
As ihie^alf lextendE^^ 
washes arirextremeistfong.^^ 
-dredged and^ne^^ 
organisms; ves^l^^vid 
of- florthiAnierica. -We^air^^^^ 
exclusivcr^u^estive/r^ 

rather^hatV^expertt^ -y^ 

-becom&iiiore^quesjioningri 
^oncei^^W^^ 
waferback tntb bur ^^"^ 
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Wherever pracfic^ 

uriit^ Teachers are ur^d^^^^ us^ metric- m^!asur^>:r 
de^criptlyeiVa^ 

A number ofj^^ 
geheralIy^S>£d^o"nse)i& 
therefore rcjaine^i^^^^^ 
" tobsterman tef^ither : 
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Tbe idcai of a "wprJH.of virat^" is the kejrconccpt 
In mit^ ;$!i^he oceans; rivers, _ 

sfrearfis, pbmfe Jal^^^^^ andground watcn-systems of ^ 
^e worid.are ihbironnected through one grand 
pr6cesS:kn-^ as tfie'w^^ 
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f water IcaveTthe . surface b earth through ' ' 1 
'^vappratibnV caused rays, of f 

. via transpiratiori 
Va&eous water, caH^^^^ wafer vapor^ is carried atoft 
/ wmidgair^d^^^^ 

fiundrpps.orinoiv whfch.srpup into clouds. When 
. - the cbuds tw^ droplets or 

■ _^ flakjsr^they /all to earth, replenishing the oceans, 
rivere, stfe^ms/}^^^ arid^ound water, 

Thc-ci^fecbntihucfS^ V:' ;^ j; . : : 
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Not only are the earth's water supplies related 
through tfic>ater cycje, but^ thnough a - . 
physicai^connectedness on the ^ 
'most rivers,i^kes and streams ,even|uaV end up ^ 
flowiogjnto thejoCeans^B^^^ / 
the onVireal diftcrence bebj^^en oc^^ 
fresh 'wa^erexists; the am^^ ■- / - 

(generally called :'sajt"^^ 

rivers and raindrops erode^tbe roclts of the ea^h^s ^ 
surface, l^e miperats and rock parllcli*; that j^esult. ^ 
from .ihis%psion-are carried by rivers tcithe seas,. . 
'ThuSj all of eaHhywaters:co)i^^^ _. 
because manarivers.flpw into the ocean, the ocean 
ends up c6ntaibmg.more.saIt than^any fndiyidtiat^ . 
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. -'Thus, marine ^ducstion is ^ "^"u""'^^!! ' 
J of the earthXwater/'^eSh" and 'salt" and all the 
. physlc^iUhemkal and geological proCG^^^^^^^ . 
- Lociated with-this water u«)rld-as wclVaM^ 

Me qan ained within it. But. also, and perhaps.more 
^ SpSfanrty, marine education' looUs at an 'earth of 
' - S'™foto9raphs of our^eM serft back from 

■ - ffie our planet t& be trnl^. a water . 
• Set!All,ll^eW areas on the 6arth.^t^^^ 

' 'nearly 75% of its surfcSe; water k what makes 

Tth umque among all the planets of the|soJar - 
r Sm, and oneof th^chief reasons wehavehfe 
' ,""^w^ Know It on earth, I 
then, the marine education foc_".ses on 

■ • Tmany a^lects of water the if r^^^'°"^*^'Pf^,„ 
■ / X tl?'^«St.r-w.orld; as well as ^If 
/ ' earth-of water/ But the-cpncept of the Wld ot 
i water'^ extends even further to^a xons,d^at,orv,of 

-J howhumaft bdnssandalloy^/elldw>nd.^^ 
orgariisms ate connected to this vrarltost^^^^ 
' -/ ^Sltotally dependent updn,wa^e^fo,c^^^'l^^, ou 

^^Sfi?K«iths wthput^d, ^^^^^"'I'^t^S^ 

^4 Sthoui wafer: In additRn,we have ajich h^rita^^^ 
r^:- Swatc»ted,activitiesUh^^ 



commerce, enef§y pl^utfon. Industrie, mmprals, 
oi!-and gas. militarir pri«^ction. ladventure, ^ , 
recreation and artUtic Ration. O^^^Jjf 
to the world of water tuKdeep aod extend far bacK 
into the roots of our past^Ss a;spectes an^.a? a 

civilization.- : ' j ' |" - 

The aoals and objectives of rnarine educatjoi^. arc \ ; 
o eShabout'thesernahy aspects of tfie^UoT^^^^ 
water. According to Harold Goodwin, a.lepding . 
American marine educator, marine and aquatic . 
. rducationis''thatpartof the total educatron&l . . . 
process which enables jjeople jo develop s 

sensitivity to and'aWcr^ understanding of^he 
Softhe^e^-and^freshw^Hn^uman affairs 
and theimpact of society on the njarme and aquatic 

environfcm^."^ '» ^n^" f I't^l^ ' 
guide to^help you. as teacher, becyn to help you 

' sMentS.to develop that sensitiyity and ■ . 

^understanding of which.Goodwinspe.aks. , , 



■ > 



cS of Mwine Studies. Ne«rar)<; Dda«).ar^,_197U. 
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-van'afeb bc very i^vvardwg andia pc^wr^^^^ 

,- entitted.T?ciw you Bee« .to#e Shor^^^ 
R^cWta^ bbod rocky shore..bfec^s^^^ 

Vandexlensivern.alerialon_sea<^theW i 
' ■^inclMing restw . ^ 

0 StitroWcpplor.,aerator. P^P^f M^Ss • 
; se^water,.s4i creatures, tieach sand and /ocHs. 

^■^^|Smtankwill])esirnplya^^ : 

: V^Etddea fo^^^^ 




The only other modification needed is a hole which 
you can punch in the top of the cooler with a 
sharp pencil. You can prepare your aquarium at 
beachside as you collect your classroom creatures. 
Firstj yoif will need some coarse sand^ enough to^ 
cover tho bottorfrUf the coojer.to a depth of three 
or four centimetefs. You shoqid add two or thr^e 
rocks about the size of your fist. Next, "fiH" the 
cooler with sea watt : to a positron about four ^ 
centimeter^ below the plac^ where top fits into the 
cooler. You may want to scratch a line at your fili 
■ position for future-referenceT^ 

With sand and rocks in place you can begin to 
Collect creatures. This should be done at low tide 
and of course in a location where you have 
permissbn to collect. Local ordinances or state 
regufations^ during a "red tide" period may prohibit 
taking certain species, especially clams and 
mussels. A good collection for a cooler aquarium 
might be two or three large snails or welks, a half 
dozen stfiatl snails or periwinkles^ two or three very 
small green crabs^ several clusters of six to ten 
mussels ijihich ofteo come attached to rocks (keep 
them together) and one or two of each^df the other 
living cJitatures you happen to see. The rule for ^ \ 
k^gping things alive later in thexlassroom is by 
keepinj^^a few creatures and replacing them as they 
die or ate eaten. * 
* * * 

A cooler aquarium as described above with 
naturajly cold sea water will last overnight in the 
trunkVf your car without furtheyiOqIing or 
aerating. To be on the safe^side you could^add a 
sealed bottle containing frozen fre^hwSter'or^ 
carefully sealed plastic ba^ of ice cubes as coolant. 
Never put freshwater ice directly into your 
aquarium 

Once you have arrived home» put the plastic tubing 
onto your aeration pump and insert the tube . 
through the top into the water. Weigh the tube 
under irocks below the sand surface. ^ careful^ 
however^ not to crush the end of the tube wtth the- 
rocks. Each day check the temperature of water in 
the aquarium. It should stay between four and ten 
degrees celsius^ {4060*F). Bagged ice or sealed 
bottles of frozen water ^ill do the trick. Send the 
aquarium home with trained Volunteer students 
over vacation periods for appropriate maintenance. 

Jo maintain your aquarium, you will have to^eep 
the salinity ot salt content of the tank stable. Wheij 
you first fill the aquarium, mark the water level 
with^a scratch mark on t^e tank. The densify of 

Tater in the aquarium is important and can be 
checked with a hydrometer^(aralable at a pet store 
or you can make one from the m(^nnation in letter 
*'E."). It should show a reading of T^2^ when 
natural seawati^r is filling Ihd aquarium.^Aa^at^ 
evaporates' and the salt concentration in the^aok 
risesj pure water should be added to return the ^ 
original :vater level mark. Any salt accumulating on 
the edge of the glass should be scraped off the 
sides and returned to the tank. Tap water should 



set overnight, uncovered, to removed chbrine 
before it is added to the tank. 

The starfish and crabs' can be fed with frozen 
ctams. Turtle food and fish food may be added to 
the water to provide nourishment for mussels and 
smalllish. For aj^hile yiJEhnay try an experiment 
of adding a few extra mussels and small fish. In thts 
more natural situation, crabs and starftsh will find their 
own dinners. You and yotlr students will have the 
opportunity to watch aabs and starfish opening the 
mussels. The small fish will "dean up'' after the crabs 
are finished. ^ 

Th^re are a few simple steps to remember for a 
successful aquarium: , . ^ 

1. Use'natural seawater and maintain a constant 
water l^el. 

2. Keep tbe water terriperature low. If you need 
to reduce the temperature in your tank, float 
ice cubes in plastic bags or containers. Never 
^d ic^ cube^ directly to the water. Also, 
avoid rapid.temperature changes. The range 
is 4 to 10 *C. 

3. Keep the water well aerated. 

4. Do not overcrowd your aquarium. 

5. Find out which animals are voracious 
predators. You may want to isolate these. 

6. Feed your animals regularly and remove.all 
uneaten food or dead animals -to'prevent 

. fouling. 

7. To avoid excess evaporation, keep the top on 
the aquarium "pooler*" covered when not in 
classroom use. 

8. Keep the aquarium out of direct sunlight. 

Specimens can be obtained from science supply 
, houses, but is often less expensive and^more 
Interestingto make your own collections. You can 
^ejcpect to find mollusks> crabs of various species^ 
starfishj small marine fishj sii^i^ls, barnacles, 
anemones and urchins^ to name-a few. Around a 
|etty or a rocky beach at tow tide is the best place 
to look and cbllect. Collect various types of 
sbaweed'to enhance th€ attractiveness of the 
aquarium. You probably will not need any 
supplementaf lighting unless you^ant to support 
several species of the green algae. Tht 
predominant red and brown seaweeds do fine with 
regular fluorescent or incandescent light from ypur 
ordinary lighting. If you want to work with seaweed 
(marm&^lgae) extensively you should keep an 
aquariimi just for plants. An interesting alternative 
is'£o press seaweed for an attractive display, 
r - 

Science Supply Houses In Out Regipn 
There are many fine biological materials . 
coQi^anies. Several in our regbn can supply 
regionaibspGcirnens with quick tuYn around tlme^ 
often by telephcrfe-ocders. 
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Berkshire Bblogical 
240 Fbrence Road . 
P.O. Box 404 ' 

Fbreoce, Massachusetts 01060 
(413)586-6149' 

Connecticut Vailej/ Biological Supply Company 
Southampton, Massachusetts 01073 
(413) 527.4030 or toll free 
(800) 628-7748 

Science Activities to be Used 
with Your Saltwater Aquariiim 

1. What are the requirements ot the plants selected? 
Determine predator-prey, relationships of the 
animak^selected fot^tjie aquarium. How do these 
organisms fiflnto the food web? Make a chart 

/illtistrating the^ole the animals and plants in your 
aquarium ^)asf in the*food web. This serves as a 
ciood cl^room bulletin board project, 

2. Stc^/feedit>s the aquarium animals frozen food 
and stock the aquarium with a large suppV of 
imissets. Observe results. 

Soeculate upon or d^Iibrary research on the 
f effect a variation .of the salt content cf the 

aquarium water would have on' the aquarium's 
\ tenants. 

4^ Small clear plastic containesrs from the meat 
^market (about 10 x IQ x 10 centimeters) make 
fine observation containers. Buddy teams oJ 
students can work witl^hand lenses to (4>serve 
smaller parts of creatures up close. To avoid 
disruption of your aquarium, you may want to 
keep five 3alloa."jerry can ' of seawater in 
, the refrigerator to fill your observation 
containers. Stainless steel of better plastic 
kitchen strainers make*good catching gear 
You might wan| to use the observation form 
"My Special Critter'* from the pocket to help 
students concentrate. 

Unguage Activities: 

Have each student keep a journal of daili^ 
observations of the plant or animal of his choice. 
The journal may be picture or script^ dependii"i3 on 
age lev^l. 

Math Activities; 

1,. Record^ chart or graph the life^fepan of the 
different animals in the aquariUm. 

2. Record, chart or graph the growth of any animals 
or plants which can be measured. 

3. Measure the water temperature. Graph the 
temperatures over time. 7 

4. Record periodsfcof greater or lesser animal 
activity. Graph in relafion to time of day, periods 
hf days or months of year. 



Using liter pitchers, determine the cap.ax:ity of 
your aquarium- , 



Art Ac^vHy; 



Many dried sea creatures e?!pecially starfish, 
scallops, sea urchin^ and sand dollars that have 
interesting but flat sides can be used to print with, 
Orie method is to spread ink liberally on a4)oard 
with a rubber ink roller available from craft shops. 
The procedure is to "ink*' the dried creature and 
press it onto unglazed paper Fo^ interestir^ and 
creative effects a variety of cofora of ink can be used 
with interestir^ arrangements of. creatures. The truly 
creative will also print t-shirts, cbth pendants and 
use proc^Js to sponsor field trips- ^ variety of inks 
and painfi^n be used. For starters yo^ might try 
F'ilikan Encre DeChine 17 Black, 

Fish can also be used to print, tWs .process fs 
descnl^ed and illustrated in letter C as well as tn the 
NNEMEP units called-lV/iaf Adventures Can 
You Have in Wetlands, Lakest Ponds and 
Puddles? and Do you Know Our Marine Fish? 

Resources: 

Bower, Carol E. Keeping a Marine Aquarium: A 
Guide fi^ Teachers^ The Children's Museum of 
Hartford, Conne^Jicut^ 1975. Well-organized and 
well'wn'tten. 

King, John M. and Kelley, William Marine 
Aquariums: Principtes and Practices. Aquarium 
Systems, Inc^ An excellent 25-p£^ge booklet — 
theoretical and practical. — - 

Miget, Russel How to Set Up and Maintain A 
Saltwater Aquarium. Publication No. TAMU^ 
SG— 81-504 Marine Information Service, Sea Grant 
College Program, Texas A & M University, College 
Station, Texas 77643,-. 

The Northern New England Marine Education 
Project publishes a Marine Educatbn Infusion Unit 
entitled Have You Been to the Shore Before? / 
which deals in detail with seashore plants and 
animals. This and other products of NNEMEP are 
described under 1e!ter R 
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'*Onc€ upon a time not /ong qgoj three Qenerations 
of Mcune craftsmen wrouQht from raw pine, oaK 
pitch and iron the worthiest, most appealing sailing 
ships the worfd had yet seen. With one ej/c to 
commerce and one to nature^.they built vessels 
that deflected harsh forces to human purposes and 
attained a level of art in the process. Not ^ ^ 

overnight, but one keel one mast, onegoodship at a 
time." 

— Author unknown - - - — 

Boat building is an important part of our state's 
history and your students' heritage. Many fine 
resoui^^ces exist for all ages of jeamers, and a few of 
~^finer ones are Itste'd in this section. 

One of the most pleasant and^exciting ways to put 
your youngsters in touch with this living tradition is 
4bjnsit a boat builder. We do rccomnien^tbat iP^^ 
you*-re1iicky-enoughlcLafford^-field"tnp, you 
enrich its values with pre^ and post^trip lessons. Do 
be sensitive to a yard's point oU'^ "v that time is 
money j^nd appreciate that you iis^^y be a costly 
interruptiori. ^ 

A guide listing numerous boat yards was prepared 
by John F. Battick, Department of History, 
University of Maine at Orono. The guide is found 
in thteNNEMEP Unit, What hOur Mariame 
Heritase? 

Sink*ity A Tra^c Activity 

If you can or even if you cap not visit a boatyard 
or maritime museum you may want your class to 
engage in the great sink-it contest. In this contest* 
size number one paper dips are used as boat 
passengers and boats are deseed aiKi fashioned 
Som modeling day. To be fair, students slwuld 
weigh out the samfe amount of clay. Twenty five 
grams works just fine. Wh3e the contest works vv^ii 
in small containers such as photograph developing 
trays or loaf pans^ a child's wading pool can 
^be used sfenultaneously by the whole class. . 

Contestants should havd a few minutes to fashion 
their day vessels, Eachlcontestant should be given 
a handful of paperclips ' and, at the signal, clip^^are 
added one by one. The number of clips to just sink 
each vessel should be recorded on the blackboard. 



Cheering for a favorite shouM be encouraged 
within reasonable limits. Yoo may want tq hold this 
part of the activity outdoors in good weather. 

Keep the win, place and show vessels and have 
their designers sketch their designs on thfe board. 
" Discuss possible reasons for success. Class reading 
^on vessel design could follow. Most good 
enpy£:lopedias have illustrations. After the library is 
picked dean ^for ideas, yo ur class woul d b enefit 
from runningHhe contest again, 

^ This idea is also used in the NNEMEP unit. What 
ts Our Maritime Heritage? which also cont^ns^ " 
other boat design activities^nd^bjbiiograpfiies. 
More ideas on clay boats^can^be found in the ESS^ 
unit by that naijje {seeTiesources section). 

Resources 

The Meune Maritime Museum's Apprenticeshop at 
Bath has produced some elegant niaterials over the^ 
leiSt few years. Under the direction of Lance Lee, 
three monographs produced with the support.of \ 
\he National Endowment for the Humanities^ might ^ 
^rve as an uispiration for you. They are free. A 
pmipHeit Haff^odetHng, with templates on thick 
stock paper is aJso available. For this; there is a 
smair charge. 

Your students would also enjoy: 

Michael and the Mary Dcy by Harry W^Smith 
, (published in Camden, by Downeastt 1979) 

Any of the Elijah Kellogg's Elm Island stories, 
published in Boston hy Lothrop^ Lee, and Shepard 
and Company, if you. can obtain them^ written one 
hundred years ago, will appeal to many youths 
today:. ^ ' . ' . 

Lien Ben cf Bm Island, Volume 1, 1871- 

ChariieBelKTheWaifafEbrihland \io\\xme2. 

The Ark cfElm Island, Volume 3» 1869, 

The Bop Farmers of Etm Isiandt Volume 4, 
. 1869. ^ 

The Yauns Shipi>uilders of Etm htandt 
Volume 5, 1870. 



The Hard'Scrabbh of Eim Island, Volume 6, 

_im 

The Elementary Science Studiii {ESS) kit for 
CW Boats is excelleht as an mtroduction to the 
concept of buoyancy. It is very pbpular with 
children because of its manipulative nature — 
and the me^c of playing with water. U is 
available from the Webster Division, McGrdW- 
Hill Book Company, New Yotk^ 1969. 



The State of Maine; maintains its own boat^ 
building school at W&shington'County Vocational 
Tecfirircal Institute at the Marine Vocational 
Center, Eastport, Maine. Write for a school 
catalog to: 

Washington County Vocational Technical School 

Calais', Maine ^ 

04619 
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One fairly easily done activity related to 
commercial fish is using a fish scale to determine 
a'JiproxJmate age, Fish^ like trees, grow faster 
during warmer seasons where more nutrients are 
available. Fish settles are easily obtained from a 
sports fisherman ot from the fish market. Remove 
scales from the micdsec Jon of (he fish and count 
lines out from the center* These lines represent a 
colder seasons. In generalj each line represents one 
winter and hence the total number of tines provides 
a rough estimate of fhe age of the fish. In the 
pocket is a sketch drawn from a scale of a six year 
old^ striped bass caught in the Penpbscot River 
Ydu can make an overhead transparency of the 
'sketch and then dp the aging activity with your . 
whole class or you can .us€ the transparency to 
introduce the proc^ agd then have teams of 
students count lineson different scales of the same 
fish^Older students can make d^^ and _ . 



averaging to arrive at the bestguess at the ageof ' 
thtffish. ^ 

Scales can be prepared in several ways. They can 
be placed between two glass microscope sJides^and 
then the ends can be taped together to pireveygl the 
scale from driving and cuding up. Viewing scale! \ 
can be done with a standard microscope on fo»v 
power, or with a binocular or "stereo" microscope. 
These, are easier for youngsters and usually only 
have low power. The^scale can also be projected 
with a microproje«:toK' 

Teachers who mount their own 35mm 
photographic slides may be iamitiar with glass slide 
rnOunts. Scales can be mounted between glass 
stide mounts and then can be projected in the 
same way as any 35mm sJid& 

Good countingi -' 



The Department of Marine Resources has ths 
ability to work with teachers ani^schools in 
"banning curriculum and setting up prograitis^ 



There is a speaker service with slide presentatfo/ts 
whk:h can .be tailored to.your particular needs, k 
Publicatbns for use by teachers^ which are free/of 



charge^ are abundant in the DMR library, a^ are 
many, technical research reports for further study 
interest of teacher backsround niateriaL 

Lorraine Stubbs is tne Marine Science Educator 
who will be happy to assist you with these services. 
She can be contacted at the following address: 

Lorraine L. Stubbs 

Departnient of Marine Resources 

State House, Station 21 ^ 

Augusta, Maine 04333 

(207) 289-2291 

Slide Pre&entat!onSy Other Media and 
Equipment 

TTie Gulf of Maine 

Lobster Slide Show 
Herring Slide Series 

F/e/d 7r^ to a flocfcy Shore (either secondary 
or eiementary school^ 

Marine Careers 

Marine Worms 

i?esearch FUms V 

The Anadromou? Fish Project 

Fishing Equipment and Methods 

Other: Set up v^its to an aquarium. Research 
Lab of DMR or Bigdow Lab 



1^ - - 

The Fishes pf the Rocky Shore 

Ms. Stubbs personally narrates these an^ei^on 
adapt to any*K-I2 grade level. She often brings 
'hands-on materials as part of the presentation, 
an^ answers students' questions. ^ 

Materials of Special Interest to Teachers, 
7he American Lobster Unit 13 
7he At/(injic Herring Unit 14 
Tha Steamer Ciam Unit IS 

extensive teacher background material, . j0 
numerous illustrative aids on description of 
fishery^ good bibliography, upperclass grades 

Information Sheets for Teachers and Students 

7he Estuary ^ 
The Sturgeon 

Biography of Food fro^m the^Sea 

nutrition information, description, illustration^ 
preparation of spectes such as clams, cod, crab, 
liaddpck, pre- and post^tests, adaptable to 
middle & upper grades 

Fisheries Information on Qther species of 
interest 

habitat, life cycle, fishery research information 
with illustrations. Request by the species' name. 

Wide vanety of materials dealing with Coastal 
and Marine topics. \ 




Teacher Background 



This background information is edited from the 
report of the Penobscot Watershed study, and rs 
reproduced here wifh permission of the University 
of Maine at Orono Office of Water Resources. 

A map of the iower Penobscot Watershed is 
provided in the packet- 

T\)e Penobscot estuary extends from the head t>i 
tide at Bangor, souih 52 km to Searsport Th^ t 
estuary from Bangor to Bucksport flows in a 
narrow basin v ' u a mean (average) width of 1.9 
km. The mean depth of the estuary basin ts 9 m, 
with maximum depth of 26 m. The surface area is 



96 km? with a volume of 849 milliop m^ at mean 
tow jwater.'Mean high water at Bangor is 4.0 m 
above sea levelj and mean high water at Bucksport 
is 3,4 m* 

At the base of the Bangor dam is u tar^e pool 
which appears relatively clean but is ^lightly turbid 
due to the violent mixing that occurs from the 
water)spilting over the dam* The pool stays open 
year round and In the winter harbors several 
hundred waterfowl A moderate amount of algae 
and submerged vegetation grow in the pool. 

From the poet to the end of the area there are 
several coves, tidal flats and areas of extensive tidat 
marsh. Physically^ the Penooscot estuary is 
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partially mixed or moderately stratified or zoned by 
salt concentration. In th*s type of estuary the 
salinity increases both with depth^u^d proxihiity to 
the ocean. The partial mixing has irnpq|iant 
biolosical impHcatibns because pollutantsfin 
addition to the salt concentration ^ are urlequally 
<£stributed throughout the water column! 

Oceanographers report salinity tn parts pet^ 
thousand (%*) rather than percentage {%) or parts, 
per hundred. Typical "salt^'. water in the Gulf of 
Nfaine is 34%a or 3.4%, Thib is approximately 
equivalent to a quarter teaspoorr^f salt to a liter 
(or a teaspoon salt per gallon) of water. ^ 

*^ X 

The salinity increases from surface>to bott9m. . 
Salinity zon^vary according to the rivers','' 
discharge. During low flow,''the tidal influevice is felt 
further up the estuary and the higher^ content 
water extends much further up than dunhg peak 
ilow. Based'on a classic mid-l%0's study by 
Haefher, salinity zones were determirfed as follows. 
The fresh-water slretch_(0-.5%b) began at the 
Bangor Dam ^ind extended a distance of 3 km to 
18 km downstream. The digaline resbii (.6*3%o) 
extended beyond thejreshwater section a, distance 
of 3 to^&jim. The mesohsJine region (3.M7%o) , 
reached as far_ upstream as Hampden and as far 
downstream as Bucksport. The polyhaline region 
(n.l-30%o) was the largest region. It could extend 
upstream beyond the Winterport Manna and 
aJmost extended downstream beyond Verona 

Estuary Salintty Dtagram 



Last Dam 
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Fresh Water 



Oligaltne 
.6-3%o 

a little salt 



Mesohaltne 
middle so/t 



Polyhaline 
17.1' 30 %o 
much salt 



*' V-V/' \MVIarine or salt water 



Island. Marine water greater than 30^o was 
observed only as far upstream as Buc^port. Due 
to a laige degree of stratification in thc^ polyhaline 

region above 25 %o, marine water was r;iever 

observed in surface samples. From the^e salinity 
observations a high degree of stratiftcatron is noted 
in the tower estuary (downstream from the region 
under consideratbn), considerable mixing occurs , 
between Verona Island and Bald Hill Cove, and 
near^uniform conditions extst at the head of the 
estuary. 

Incomplete mixing of freshwater flowing over the 
surface of denser seawater forma a stable brackish 
layer. This sudden increase in density is known as 
the pycnocfee. In the Penobscot estuary* this , 
pycnoctine usually extended upstream to 
Bucksport. However, during low. flow it extended as 
far upstream as the mouth of the Mavsh River. Tlie 
pycnocline has considerable significance in ' - 
an%zing the pollution of itie estuary. Wastes 
discharged at the wat^r surface above the 
[H/cnoctine will not penGtrat<rthis density gradient. 
Consequentiyj two conditions result. The 
^nociine protects the estauary bottom from 
pollution, but also r^uces the volume available for 
waste dilution. v - 



Temperature profiles closely approximated density 
observations. P^low Bucksport, considerable 
vertical variation.in temperature was rioted. 
However above this point the vert^g^^l^Jtemperature 
variatbn seldom exceeded 2^C. 

The vyater in.the Penobscot is provided by more 
than 500 lakes an<l ix>nds~and about a thousand^ 
streams/Sottie of these arise in rocky barrens on 
the highest slopes of Mt^ Katahdin; othersJ with 
dark, stained water^ begin as the drainageJ[rom 
small moss-covered bogs,. Some, streams flow from 
subterranean streams that break out at theisurface: 
as crystal cleafsprings. Each eventually contributes 
to the character of the river-and the quality .of its 
water; - _ ; . - . 

In addition to the ^natural substances carriec into 
the mainstream, people add other materfals. 
Timber-harvesting, construction, farming, domestic 
and iTidustrial;sewage, (mpoundmehtSf chanjtels 
and similar factors change the character of ihe 
watershed aiid upset the natural nutrierit balancet 
resulting in incr^ad silt^tlon, modity wateij . 
*?rnperature^ deciTcase w.^et transparency and in a 
host of other ways^ change the rive^ I - 

A riveris not an independent entity: It is anj . 
integral part of a watershed that supplies it with 
water^ nutrients, organisms, energy and people's . 
myriad of piDiitants. . 

Anadrpmous fishi^a haife been the most important. . 
species using the lower Penobscot River. Several . 
thousand Atbhtic . salmon stre^ and many' 
tributaries dwindled following const ruction bf dams 
that blocks ftsh passage to. matiy of the.spawning 
grounds.-.: :-' - . " \-- _ | . ■.. - 



Today^ due to dams partially or totally blocking 
passage an^ pollution causing areas of low 
dissolved oxygen in the estuary, none of the 
species are of comirercial value in the estuary. By 
_1370'sj_*he only commercial fishery ir he 
Peno^qbt Estuary was for eels. Appi^ximately , 
I50p pounds per week were taken by three - 
fishermen from June to September I97L A few 
alewives still run in the river^ but none reportedly 
are tal^en commercially. Atlantic Sea-Run Salmon 
have returned to spawn in the watershed and are 
sought Jtoday by sportsmen and women from the 
Bansor Pool all the w£^y to the V^zie Dam. 
Striped b^ss also occur and are occasionally tak^ 
by sport fishermen. Current, unpublished, data 
indicate litUe commercial activity in the river except 
a limited cinab fishery below Bucksport. 



Activity 



Students can collect and analyze the ap|:n'oximate 
salinity of estuarine water vtsry easily using home 
Vnade equipment. Water for testing can be collected 
from bridges or by pleasure boaters. Water can be 
placed into clean stoppled 'V^^^'* bottles and kept 
for years. Salt determination will not change the 
water. Do not allow student to collect water from the 
banks of thesiv^r both for the very sei^ere chance of 
droivning and bec^se near shore samples are very 
unrepr^ntati^e. 



As the stopper is removed uncfer water it nfUst be 
securely. connected to the body of thel^ottle by a 
meter long stack line and a non-dosing loop or 
bette)' a orass rina. ^ 

The bottle is a kind of remot^opening collector . 
that allows you to collect well below the ^r^ce. ' * 
Lowerlt gently. When you-ar^hsure it is at the 
proper /fcpth a sharp tug on the line will pull out 
the stopper which vrfll^tch on the loop or ring 
and the bottle will be secured by the line as it flls 
and is removed. Be sure your point oflihe 
attachment is well above the center point of the 
bottle or it will.splll its contents ^s vou pull it -out of 
the water. \ 

Test your bottle in a bath tub or better in ^ 
swmming pool to be sure it will sink easily when 
Med with (if not add more 1ead)and that it both fills 
with water and returns Oiled after a sh^rp tug on ' 
the line. ! ,i ^ 

The activity procedure can have your class test 
water gathered\at various depths or at various 
locatbns along the estuary. Use local resources for 
wicfe cooperatbntn obtaining many different 
samples. Be sure each is labeled specifically as to 
w^ere it Wasfcollecteq. ■ ^ - ' ' 

To test your water samples you will need a few 
new wooden pencils with eraser ends, preferably 
painted white or light colors. The pencils will 



Sampk 



Penc)7 Hi?rfr6me/er . — 



hop 

brosslring. 

I 



retrieval lim 




wooderi penci! 



water level 



lead s/ieef 



QfJlecting bottles can be soda bottles with lead 
sheet added for ballast. Attach the sheet with 
tubing clamps and finish the device off with a 
rubber stopper >vlth a nail through it* Use a one 
hole stopper (you can get one of the proper size 
from your local diemistry teacher) and thread 
your heqt;y nylon fish line through the stopper with 
a heavy _ncedle. This line is used to remove the 
sfopper and also retrieve this botile, - . 



sr]linlty marks in %o'^ 



tall, ihin ghss jar \^ 



thumb tack 



become hyqrometers with the addition of a thun^ 
tack into the eraser. The hydrometer id a iQoatinw 
measurer. That is, liquids that are light (jess dense) 
will allow the hydrometer to jloat lower whereas . 
heavy liquids (more dense) push the pencil . 
hydrometer up higher. The devjce is used by 
placing the standard of_ comparison or the liquid to 
be nieasui:ed into a deaf tall container. The . 
hydrometer is then addtfd and the readinS.ts.made. 
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depending on haw far the pencil sinks. When you 
start^yod will need -to bc-5urc-thaL|/our- pencil 
jdoeo not bottom out in tap.wateV nor float 
sideways in your m6st concentrated sample of salt 
water. - 

You should have your class make satt solutions for 
comparison and mark off their hydrometers in 
s^t pn the side of each'with water proof^ns. 
Pencils are highly variable so each needs to be 
individuaity checked for floating/sinking ability after 
its etaser end is weighted Avith a thumbfack. = . 

Students should make up salt ^lutions by weighing 
salt in grams and measurng water in liters. A one 
part per thousand (1%q} solution has one gram 
per-liter of tap water Make standards every five 
%x from zero through 40 %q. TJiis will provide 
your class much needed practice in metnc 
fheasurement. One set of standards for your class 

' is^fficient; A box of salt will be all that you urill • 
need to purchase m addition to pencils and* 
thumbtacks. Scrounging at hom^, urill provide the 
nu/Tierous jugs and *'olive" jars.* ^ ^ 
"•**>•-" ■ " . ■ 

:- ThtQtactivity can be extended to include a detailed 

_ study.of the salinity of any^^estuary Tncluding all of 



out maj&r rivers or any small tidal streatB. The 
larger the river or stream this more distance there 
sHbuWHc bctwcenjcollK^ can 
compare such daia rfs what fish are reported to be 
caught near collecting sites or what plants grow 
near shore. Shore bircl life is also likely ,to change 
With salinity smce the species of worms, snails, and 
mollusks they eat are likely to be limited to certain 
zones by salt content. 

.People's attitudes towards the river may also 
*>ehange as the 'Idcar^water becomes saltier or 
more marine. If you ^udj^ the Penobscot estuary, 
you can use the Lower Penobscot River Area Map 
provided in the pocket as an overhead 
transparency to 7naf<e a large map of the region for 
wail display. Ytftjngsters can trace from the 
projected transparency directly onto large sheets 
or rolls of paper. As you conclude your study you 
rnay wish to have an "open house" for parents or 

for the sctTool-to show off your-maps^anctcharts 

along with the data you collected and the ^ 
inferences you.have made. Classes living distances 
fr&m tidal rivers b^^streams might arrange to 
cxc^nge water samples witK a mpre-*'coastar 
community. . : -' 
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Teacher A«Jvanc€ P^feparatiofi; 

This lesson could be tausht by (tself or extended 
into a content unit wfth the'help of resources listed 
^o\i;v^The life cycle is shown in ihe tSmstrip A 
Sisht to Survive. The fife cycle and body parts 
drawings and question worksheets could be 
transferred to master sheets for student use. A 
poster size drawing-of the body, made in advance, 
would be usefuL ' " 

Objectives: 

The student can briefly state the life cycle of the 
salmoa the student <3n,draw and label the . 
extejfnal features of salmon. \ ^ 

Method:: .* 

The teacher could review the life cycle and talk 
atraut the boci^ parts (one waif for young children, 
Satar Looks m itte Mirror is suggested betow). 
^Students could name the^parts on the worksheet, ^ 



and take a quiz or t^yo. The salmon quiz and part§" 
diagrams are in the pocket, ready for reproduction, 

SaW Looks %t^^ 

I'm good sized with average weight of 13 to 20 
kilograms, though I can reach .85 kilograms. 

After being in the ocean two years I inight reach 75 
to 82 centimeters ih_fen3th* ^ 

If Tm/a fresh rt^n salmbny l am silvery with a darker 
backi If r 2m a rhature ^nale and in.fresh water, I 
become mottled jjwib a darker back and am a dull 
browflfiish fed. As SLm'atur? male, I aSo have an 
elbn^ted jaw with a hook at the tip of my lower 
. jaWf " " - ' ----- - ""■ ' ■■- 

II I am a fiemaie, I am ddl gray in colon 

Now, let*s see — not too bad looking at that- In, 
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fact, Tm rather handson^e! But I don't look like a 
fish. What clo I need? Piease help me look like a 
fishi-What do-I need? ■ — — ^ 

Students suggested a caudal fin. This and_other 
parts were made, from cortstruction paper" and 
taped ba a vofunteer. Other necessaiv parts wei^e 
eye,'gill cover, scales and the other fins (adipose, 
dorsal, ana!, vertral arid pectoraO- / 

Though I am able . j find the river^of my biirth by 
the magnetic iidd of the earth, by tjhe stars and 
sun, by ocean currents and by th^ sense of smell, 
I canT count ^nd don't really knc^ how old I am. 

However, people can tell my age. They can count 
. ine rings on my scales. This i$ something like 
counting the rings on a tree to tell how old it is, 
The rings on scales telLothe^ things too. 

Did you know thut no matter how large I grow, the' 
nunitier of scales does nor change? These solid, 
"^jircdarplates groW^long wnth-me. They wilt also — 
^ tell you rr^ pertodfe of sl?^ growth ijv jhe winter or 
in poof feed situations ahd my spurts of feist 
growth in the summer.' In fact, my life history k ' 
recorded on these scBlles. Worksheet — drawing of 
Satar^-r- students label different parts of the 
Atlantic Salmon aijil check wtork together,'^ 

- The above lesson'is one of many for the teacher 
interested in the king of the fishes. Severaf fine ' 
resources are available and easy, to obtain. A 
num^r pfjbool^s forvoung readers are well 
worthwhile. 

^ Dillon, Wallace, Satmoti, Chicago: Foliett 
Pubfehina^Co., 1962. 

Gilhen, John. The FishegofNova Scotb*B Lakes 
gnd Sii^amSt Hafifax: Nova Scotia Museum, 1974.. 

We'tifghly recommend the learning jmaterials firom 
the jhtentational Atbntic. Salmon Foundation for 
' us^m secondary classrooms. These materials^ 
entitled Satar, The Story of the Attahiic' 

Salmon include fbc following: 

.1 . - ~. . ** - 

A Tfe page book which looks at the Atlantic 
Salmon.throuah.this-perspectives of history, 
geography and science* The book^ available in 
hard or soft covet contains over 80 pictures (40 
in full color) as.welf as many maps, charts, 
sraphs:and_d>?si-ams/^^ . : 

A color filmstrip with accompanying script and 
cassette tape entitled: A JRjghi io Survjue^The 
filmstrip and tape complements the book and 
coversL the life cycje of^the Atlantic Salmon, the 
effects of man on the species and.conservsition 
efforts. 

A Salar simulation game which features a 
journey through the life cycle of the Atlantic 
Salmon. ~ jg ^ 

A leacher^s ^ide which has been prepared by 
t^hers who have used the materials in Easterf^ 
Canada and Northeastern United States. . 



These materials ar^ available by writing: 

The Iritemationai Salmon Foundation ^ 

-pOBox429-^ — 

St- Andrews,^New Brunswick 

Canada EOG 2X0 . ^ ^ 

.or' - . - 

100 Park Avenue 

New York; New York 10017- 

Hayes, Will. About the Biggest Sofmon/ Chicago: 
Metmont Publishinflflncf., Chicago, 1961. 

Phelege, Fred. RekTas Copies Back. New York: 
Harper & Row Pullisher,.196i:_ 



Wooding, F.H Cant 
Ottawa: Department j 



fa^ Atlanhc Salmotu 

fisheries, 1962. 



And any of the many fine children's books on 
oceans, rivers, and fishes. 

-The*5tatet>fMa)nc-E)epartrnentof-Inland Fisheries 
and Wildlife offers information on the Maine 
Atlantic Sea Run Cornmtssion in Bangor and 
repnnts ofidrticles which have appeared over the 
years h the Department's publication, Mome Fish 
and IVj/diyc. . Write; to:^ : : T ; ■ ; 

Maine Department of Inland Fisheries and 
. Wildlife ^- . -■ " - 

^ Augusta, Maine M333 . . = r 

TheTi^eries and Environment Department of'the 
Canadian Governrrieht proyid&s: a s^ - . r-. 
Fisheries Fact Sfeets; the one on The Athritic ^ ' 
Sokion is usefiiUIt may^ be. obtained from: 

The North Amisricart^^mbn ft^earcfi Center 
St. Andrews, New Brunswick 
Canad^a EOG 2Xd 

They also offer publications, on their genetics and 
culture program. The research center is a 
cooperative prograni of the government of Canada, 
the Internatto.nal Atlantic Salmon Foundation, and 
Huntsman Marine Laboratory, 

Excelli^nt^ resources ar^ available from: 

Thc.Intemational Atlantic Salmon Foundation ^ 
100 Park Avenue 

New York, l^ew York 10017. . . 



or 



Box 429" ^ : 
St. Andrews, New Br 
CanadarEOG2X0 
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They include a cla<fflroorrH4it SALAR containing 30 
coptes ofSalar:The.Storp of.therAttanttc^r 
Sa^moit/ 5 cc>pies of games The ^ 
Cycle Game, 1 filnistnn/^fiassette, and a teacherV 
guIde. ;Thc unirisjiiultidi^ciplirdrv and parts; may^^ 
be.purchasedjsepai^ately^It is planned for grades Tv ; 
9 but may^be .sucLessfulty aearecl for youngen 
learners. For Grades 5*6/thc Foundation offers Ihe 
Attentic SalmokKit; it includes le^fcts for student . 




use (covcrinjs 8 major $aImon topics), two -board 
gam^s and several word games, poster and a 20 
page ieQcher^S-^ide. Al^o^av^blcj^ a^t^^ 
.booklet Attantic Salmon Facts- TTiese mafenals are- 
superb and highlj/ recommended: 

Answers to Atlantic Salmon 
Worksheets 

1,. adipose fin 
2. dorsaHin 
\3. lateral tine ^ 

4. giU cover 

5. pectoral^ns 
61 vcntralflns 

7. ' anus 

8. andlftn 
9- caudal fin 



Answer^ to Sahr Quiz 



1. b estuarsi 

2. c-several times 

3. a gfriise - 

4. a-gravel bottom 

5. b-Iateral line 

6. c^scales ; 

7. c-Sca'jes 

8. ^a-migrate 

9. a spawning 

10. a-2 



U jredd 

2. yOO-STO^ggs ^- 

3. aieOin - ' " 

4. parr 

5. forksdlBit 

6. smolt 

7. ketl 
8* grilse 

9. long, hooked 

10. ^pollution, -over- 
fishing, dams withoui 
ladders ^ - 

"11^ gill net, trap 
^2. regulations, 

tiatchcries, 

fishways. 



life Cycle of Atlantic Salmon 



Eggs - : : ■ ^ / 

Females deport 7C0^ egs& per pound of h^r - 
weishi in nest These ore fertihzed by nta^e. 
Femok covers eggf rubbtt- SpawrHris occurs 
jrt October to Nouember and hatchm tokes phce 
in Aprit or May. 




Otter B-.cer\timeter5. Parrmarks appear on sirfes. 
9-li:dot$ vMh red.dcrts betuteen ead\ parr on= : . _ 
sides* Foj^id.t^^ldistinsuishes ttf^m brook iroiit,. 

centimeters. Marks . and ted $pots disappear. ■_ 
Cfianjes (9 beauttful tfer cohr wh\cb wi^ protect 
it m its ^f^ o( sea. Leaves the river in May or June . 
rnscW't U$uatfy2-4-}mrs.ofd. 
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Periods of slaciation, or active erosion and 
deposition by liuge masses of ice, have occurred 
from time to time in geologic history. The first 
great ice sheets which left their record in tfre rocks 
were formed in fhe Pre Cambrian; but, because of 
Jhe long time span since the early ice masses 
melted^tnost^sf theTSCTrd of iheir distrib^Sron and 
extent has been jemoved. 

In Penqfein or late Pennsylvanian time, much of 
the soutnem hemisphere was covered with ice in 
probably the greatest period of glaciation the world 
has experienced ^\xch of the record of this ice - 
advance remaK'^ as mute testimonjf to tl-ie 
endurance pf-giacial deposits/^ 

Much niore recently, in the Pleistocene ending 
about-12,000 Ixp., most of Eurc^e/nortfiern : ' ' 
Russia, Canada, and the northern United States 
were subjected to intense g!<fciati9n. The effects 
are-well preserved in surface deposits, and the last ^ 
retreat of the ice masses was so recent that many 
siudents of th&subject feel we should not consider 
our present exista^ce as postglacial, but rather as 
occurring between ice advances/ * 

- * Any area where the amount of precipitation . 

^reeziRgliTia year exceeds.the amount of melting 
wilt be thesiteof glaciatbnjf the excess continues 
bng enough. The ice ^heet which devebps erodes 
indiscriminafely/Uhlike wind, water, 'arid waves, 
which are delicatety selective ip materials thq; 
erode, ice masses make no disttnctfon between 

_ .resistance of materials or their structural 

relatbnshl^T^^^ advance of^b-fce^b^t may be 
compared with the advance of a mighty t^ulfdozer; 
what can not be moved-bodify can be driven over 
. and subjected to attack from above/ 

The main erosivefeffect of a continental.ice roass 
is, thus, a rounding off of hills >nd a subduing of 
topography; Stream patterns become deranged 
with many valleys jilted and new ones formed 
Imniense quantifies of material are pfeked up along 
-'^ the sides and bottoms of the ice inass and 

.deposited many Ttiiies away. Besides the imme^^ 
erosional and deposlfional eiffecls,^ - 
gtaciation may have far-reaching repercussions. It is 
^- estimafed.that the water tied up in ice diirirlS the 
,„ast great glaciai^poch must have resulted in a 



* world wide lowe^ng of sea levels amounting to 
perhaps 600 fpet. Streams all over the world must 
have been rejtivenated Ijy the increase in their 
gradient. - ^ ^ 

Near home, another secondary effect of the last 
glaciatbn-was^ noticeable dowTi warping ?)f^ 
cfust wKere-the ice mass adds to if^ weighl. The 
surface'm'ay have been depressed several hund-ed 
feet, and has only half tetuimedt^^ . 
position>the result is Jhaf the Maine coast is a 
shoreline of submergence wittudeep water * 
Jnmediately off the continents shelf and the. 
. formation of a large Inland sea, "the Gulf of 
Maine,^ from the continental slope Inland for about 
200 miles to shore, - : 1 




Fi^ld Trip to a 
' Stone Wall and Erratic ' 

Objectives; ^ - * . ^ 

• To studs^ the rock types, in any stone wall 

♦ To examine for striae. 

• To make students.;aware of how they were put there^ 

♦ To show how farmers have'been effected by 1 
. glaciation, '-r :■- 

To show why Maine has limited top £ol 
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^ Preparation; / 

d. find a suitabfe rock wall preferably^ with. a large 
^ erratic jiearby. / " 

b. fiXlet obtdinind permission to £>t^dy the wdH, fami 
Itari^e yourself u^th the Immediate area. ' < 

Activities: / * * 

a. Photograph the trip. ^ ^ 

b. Observe Jhe area, note the farqilies af'ro'ck in the 
wall. 

. Ct Note the nriineral composition of the rosk. 

. d^HBWe stutjents'make note ofany^ignsofglacialfbn.. 

e. . £>(amine carefully the erratics. 

Field Trip Follow-up: . . 

a. Show pictures or slides of the field tripandJet the 
\ students discuss or write a story aboutjt. 

b. Have students discuss how gtaciatlon ha^ affected 
the lives of g^opte that have lived ip. Main&_(e.3. _ 
from the precontact peri<^ to present day). 

c. How were erratics probably carri^ or moved by . 
. the glaciers? 

' d. Would the area visiled by the field trip have any- 
remote similarity to the way some of the bottom of 
the Gulf of Mair^ may look? 
. (Encourage a discussion on the*term "Lobtter 
Bottom.'f i 



V. 



Roche mouton 




Have students reflect pn where other erratics may 
be found.^ ^' 
f. \^ave students look ijp other facts and pertinent 
data 6n erratics, nyarairies^ "Lobster Bottom," __ 
eskers, etc' . / 



Map Study Exercise 

Objectives: , ^ ^ ^ 

* To study the possible paths of glacial ice. 

♦ To show the affect of changing sea levels in Maine. " 

• To show how glaciation has affected Maine s 
Coastline./ ^ . ® 

•To study the affect ofgt^ciatiofi on theOulf ofAlaine. 

Preparation: ^ ' ' 

a. Have students secure any humb^r of topographic 
maps of the State pf Maine, and the Gulf of Maine. 

b. Have some student^^ secure some "State of Maine" 
highway maps. \' " ■ * 

c. Obtain a number of colored pencils^ 

- '. * . ■ , _ " _ 
Acttvitifls: - " . i 

a. With colored pencil^ shade in all areas on themap 
below the 200 foot c6ntbur level. (The apprpximate 
level 9f the Gulf when the Gutf filled up and ran 

- back over the (and.)^ ^ / 

b. Study the generaPelpngatton of most lakes, bays,., 
etc., and the direction of most of the larger rivers 
and streams. ■ ; | 

c. Study the area where th^ seashore would be if the 
sea levels dropped SOO/^et because the water was 
locked in glacial ice. \ " > ' ' 

d. Using jcontour. levels as a guide, deternriine the 
general shape of the floor of theGulfofMaine.(Isit 
fairly flat, full of submarine canyons, mountainous, 
etc) . i 
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M^p Study 'Follow-up: 

a. Have stuctenls look up facis ar/d.ofhcr pcrlfncnt 
da(Ja on Ihc topography of Mamc and the Gulf of 

___Mainc. __- / . 

Is there ^ relatfonship betv^eln the 200 Mile Limit 
and thie depth of the Gulf q\ Maine? ■ 

c. [s there a rdaf ionship bet\vfeeri the lype of bottom 
and the type of iishing by/Maine fishermen? 
-What are *Banks7 / 

What are 'Ledges? / \ 

d. Is there evidence of gificiation and its direction on 
Ihe map? 

Woulc^fhe area in whfch you live been affected by 
j rising s^a levels? / > , 

■ '-/ 

Maps / , 

1. Surfictal Geologi9 Maps and Reporijs for Maine 

Critic;^J Areas Pifogra^i ' 

State Plannmg Office 

189 State Street 

Augusta, Maine 04333 ^ 

Bedrock Geologic Map #26 (Bastin 1901&, U.S.G .S. 
Folio 158J; #20 (Moench 1976, U.S.G.S. J-fiOS) 
Maine GeqlogicalSurvey 
Department of Conservation . 
AMHI Ray Building 
Augusta, Maine 04333 

Topographic Maps 
U.S, Geological Survey 
Reston, Virginia 22092 / 

And most sporting go^ds stores. 

\ - ' \ 
Maine Atlas dftd Gazetter ^ 
Book Stores . • * 

Most Maine stores 
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New England Intercollegiate Geological 

Conference Guidebook 

A-3 Sedimentan; and Slump Structures of 

- Centtal Maine ^- - 

B-3 StratiBraphJf and Structure of Central 
P^aine 

Department of Geology | 
725 Commonwealth Avenue 
Boston, Massachusetts 02214" 

Marine Chart of the Gulf of Maine: see information 
at the end of letter Y (Yacht Race) 



Films 

The Earth Beneath the Sea 
{McGraw-Hil(/Lamont-CoIumbia) 1967.22 min. Color. ' 
Exceltenf example of film showing what scientists 
^really do — in this ca^ deep ocean marine geologistSs 

The Earth: Coastlines ■ ^ 

(Coronet) 1970. U min. Color. Explains the role of ' ' 
wai^es^ in^the creation of sea terraces, "cliffs^ beaches 
and sa^d bars. Also discusses coastlines of sub 
jnergehce and emergence. . , 

The Eanh: tts Oceans 

{Coronetjki960. 12}^ jpin. Color, Examines currents, 
sea botto^ topography, sediments, waves, tides, and 
nr^n's relationship to the sea. Earth science oriented. 
Spends little time on sea life. Available from UMOfilm 
service (M1768) , \ , 

How Level is Sea Level - ' 
(Encyclopedia Britannica) 1970, 13 mm. Color. Shows 
various factors affecting level of the oceans differ- 
en<^es in salinity, temperature, air pressure and winds. 

,0ceofto3fopfty; Science of the Sea * ^ 

(BFA) 11 min- Color. The instrument^^nd techniques 
used to studs; the ocean and its floor are illustrated. - 
Information gathered using this equipment^escribes ■ 
thephysicai characteristics of the ocean floor and the 
earlh^s history. 

What*^. Under the Ocean 
(BFA) 14 rnin* Colqr^ 

maitT anci v^s^ds used to studi/ the oceari and its 
floor. JShows featured of the Atlantic and Pacific 
oceans. 



Distributors 

Woods Hole Oceanographic Institution 
^oods Hole, MA 12543 

Modem Talking Pictul^e Service 
2323 New Hyde Park Rd 
New Hyde Park, N.Y, 11040 

UMO Film S«rvicps ' ' 

Instructional Systems Center 

ShiblesHalh\ . / 

University of'Maine ^ 

Oron5, Maine 044^ ^ 
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Maine has a proud marine heritage. Well beforejHe 
^time of ihe early European explorers and traders, 
Ndlive /^ericans travelled the coastal and inland 
waterways of the state in birch canoes and dug 
outs. The first white people arrived in ships and 
early colonists jn the state came looking io( lumber 
with which to build vessels, Mainc*s finest hours jn 
lier history revolved around 'the ^age of sail when 
nearty'every coastal tor\n was engaged in boat ' 
buildinS and fishing and prdClically every inland 
riverway saw log drives of the great lunibering ^ 
operations of the north woods. ^> 

' Fortunately, a fair amount of Maine*s maritime 
heritage has been pres(?irvpd in story, songaftd arti- 
fact. The Maine. Marino Museum at Bath and the ^ 
Penoljscot Marine Museum at Searsport* house 
excellent collt^tions of models, navigatjondl ihstru 
mcnls, ships logs, restorations and shipbuilding 
tools. The Maine Slate Muscum'in Augusta has in 
Its possession a section of the fully rigged ^hip St 
Maty, built in Phippsburg m 1889 90 and wrecked 
on ihe Falkland Isla^dsin 1890. The work songs pi 
sailors, called sea chanteys, hafre been collcctedft)^ 
people such as Jphanna Colcordin he* book 
Sonss of American Saitormen CQnfemporary 
Maine recording artists like Gorctoo Bok bl 
Carrtden and Bill Bonyun of Westport Island have 
put on record albums traditional-and not-so tradi- 
tionat songs of the sea. (Bok's albums are available 
from Folk Legacy Recordings. Sharani. Cprmect, 
cut: Bonyun^s from Heirloom Records, Wiscasset. 
Maine.) Traditional and modern sea ^tiusic^is the 
bpecuslly of Schooner Fare, si tno consisting of . 
Chuck Romanoff. Steve Romanoff, and Tom Ffowe. 



3ums should* go to Outer 
;0. Box '8012, Portland, 



Inquiries abbut their 
Green Music Compa 

Mf. 04104, Folklore oHln^ sea that has been care ^ 
fully collected and writtertdown can be found |n ' 
such books as pharley York, Maine Coast 
Fisherman (written by Harold Cliffotd, published 
by International Marine Publishing Com^Jany, 
Camden^ Maine). . ^ , 

We should take^he ^Opportunity to celebrate 
Mame*s colorful maritime hentage^ In the following 
sections are just.a few idea^ you c-an try. 



Scrimshaw . ' 

During the long voyages, sailots wOuld Carve 
designs or scratch pictures into A;haleb6ne as d 
'pasfime. This is known as-sCnm^haw, Usually 
. scrimshaw pictures were of what^was iv^ilablc'to 
sketch; w$ therefore have a good idea of what a*"^ 
sailor^thought of and appreciated rhosl ttjnng 
. th&se years at sea. Often pictures uper^ of other 
ships, sailors or the wives left'^i^Kat port. TodtiJ', 
scrimshaw items are very valualS^ ^ 

Since whales are protected by U,S, taw, new 
whalebone and whale products are not permitted 
into Ihe country. Students may make some simitar 
scrjmshaw items, under supervision, by the fol- 
lowirig process: 

a. Thoroughly wash and clean smooth beef bones 
(ribs are good). 



b^ Soak the bone in chlorine bleach iox half hour to 
bleach and disinfect ir. Rinse ofr 




Rir ^ 
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After ihe bone dries, lightly saild it with fine sand 
paper in the direction of the (jrain. 

d. Wilh a pencil sketch a nautical scene on the bone, 

e. Usin^an artist's scribe or a sharpened nail, scratch 
the desired image onto th&\ surface of the bone. 
Wear safciy goa^es and one glove for protection. 

' during this procedure, 

f. Rub over^tte image mih ink on a Q-tip \6 color in 
^ the lines/The black should wipe off the 

unscratched surface of the bone. 

This project can also be done ^A^ith the insid<? 
surface of hard shell ctams (quahogs) or with 
planter of paris^ as. fellows: 

^ijc plaster of pans with water. Drop small :»pc<>n 
fuls on wax paper. When sufficiently hardened, ^ 
remove from paper. These will be fairly round. Use 
nail to sketch'design — ship, w^ale, etc. Jf a 
pendant is desired* carefully make a small hole at 
the top with a nail. Use fine brush and black | 
tempera paint to paint over lines of design. Rub 
firmly but carefully over entire ptece to smear 
paint. String yarn through hole for hanging, ' 
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Weather Lore 

Predicting the weather while^^t sea has always 
been of major importance 16 mariners. Over th$ 
years, sayings, almosta fo/m of poetry, have been 
handed dowi from one generation of ^ilors to 
another for use in predicting the weather. Try 



. these sayings as they apply to the weather in your 
area^and s^j^if they hold true most of the time. 

Sayittg. Memiing 
Wild Gee^e, Wild Geese Sea birds, tike geese and 
Gangin'Out to Sea gulls, tend tocome inland 
Alliine ^weather ^ when a storm is brewing 
It V-'" be. ' or coming at sea. They 

^ ^ ' return, to the feeding 
grounds or-migration 
'iDaths only when there is 
clear weather expected 
• ' ior an exten^d period of 

time. 



Red Sky at mornmg, 
Sailor take v;arnin^. 
Red Sky at night,' , 
Sailor's delight. ^ 



MackereK&kies and 
Mare's Tails 
Mak&tatI ships 
Carry low^ails. 



If clouds Jook as if 
^^^atched by hen, 
G^^t ready to reef your 
topsails then. 



Red suusets generally 
^ predict fair, Calm weather 

for-the following day. Red 
" sunrises generally herald 

a^eoming change for the 

worse in the day-*^? 

weather. 

Mackerel skys are alto 
cirrus clouds and mare's 
tails are cirrus cbuds. 
These formatidns herald 
thunderstorms, rain and 
wird. 

Cirrus clouds, or a 
streaked sky indicates 
. high winds and showers. 




The coast of Maine, some 540d total kilometers 
^3,500 miles) of coves, bays ard peninsulas, is 
fnnged with hundreds of large and small islands. 
These isiandsare the remains of glacialV deposited 
ridges, parts of which were left h^gh and dry after 
rismg sea levels drowned out the lovwer areas. 
Today sonie of these clouds arc> still uninh^rJted, 
while islands tike Mt, Desert are quite populated, 
especially durin9 the slimmer. Some» such as 
Monhegan and Deer Isle^ are important to Maine's 
tourist trade; others have been set aside for wild 
life pregcVves, such as Machias Seal Islarici. 

Many debates have rteeaover what sKoul^ be done 



to M<&ne*6 islands. Review boards (such as the ^ 
Board of Environmental Protection and the Lan3 
Use Reguiation Cofnmis^ion) are established to 
help an^y^e the island resources and hand down 
decisions^ called, owfers; on the island's future* 
Thetr decisiorjs are based on federal, state and 
territorial law^j thaf regulate the island^ the poten^, 
tial rnvironmentai and economical, effects lhat . 
changes ma^ have upon the island, and the useful-! 
ness the istand.has to^the state.and local commu* . 
nitiesin its present conditbn versus the piroposcd* 
condition. ^- ' . 
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Activity 

Bdow is a description of White Cap Island off 
Maine's co^st. White Cap Island is a hypothetical 
island designed around several natural resources, 
geology, shoreline types^ ground water, soil types^ 
vegetation, wildlife and scenic value. This island is ^ 
being considered for some fype of deveb;3ff^ent. 

following organizations have all expressed 
interest tn using the islandfor their specific type of 
development; Audubon sanctuary developers, artist 
polonies, seasonal campground developers, hotel/ 
resoil developers, housing developers, fisheries 
cv)uild!ers, paper company foresters, and wffdlifie ■ 
preservationists. 

1. Pass put the description and maps of White Ca^ 
Island giv^n in the pocket section of this unit. 

2. Establish an odd numbered review .board'to listert 
to and decide upon the practically of the alJove ' 
organizations views. You, as tea^Her, may decide 
to be^he review bdard^'and rate, the students on 

, their presentatfon. " - " ^ 

3. Divide the class into groups (1-4 to a group 
depending of^the size of the class) and assign each 

. group the responsibility of presenting theviews of 
oneof th# above organtzatioi^. You may decide to 
make up or change.any organizations depending 
- Upon tha interests of the class. -' . 



4. Have students complete the solubility of soils chart 
below, placing descriptors (good> fair, pobr, very 
poor) for the quality and use of the seven types of 
soils. Sttidents can use this chart to help determine 
< the potential use of the island. The different soil 
typ€.' ^.te given in the 'Soil Types' section in the 
pocket section of this unit. 

Solubility of Soils Chart 

Sojf* with Cottages Tent sctupg* unseded 
/ f * basmeitt with no sit^ di&poso! 
basement 



1 












2 












3 
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5. During a 1-2 hour session have each group present 
their views to the review board. Props (maps, 
graphs, charts, pictures, etcj) are encouraged. 



6. Later that day» or; in the near future^ have the '■ 
review board givejts decision. Discuss the rea- ^ 
soriing behind the decision. WhatjTiight hav^been 
done differently?'WrIhans(organizations want to 
appeal the decision? Why? \ 



is for Jasper Beach 




Jasper'^Beach is aVocky shore area off the 
Starboard Road in Machiasport. It is unique in ^ 
Maine tn that it rs composed to some extent of 
pure jasper stones. Jasper, a name given tathe 
mineral chalcfedony^ a common form of quartz^ 
runs jin shades of re^J from light pink to almost 
black. Those of ya^ close by might have the 
opportunity to take a Held trip to Jasper Beach; it 

■ is a beautiful and fascinating place to visit. Not only 
P^n your students jstudy JIhe color vacations in the 
jasper pebbles, but thgy can also feani some 

, gener^ principles of marine geology- E^cach 
deposits consist of hard mineral grains ranging in 
size from the fine sand through pebbles^ all the ^ay 
to larsf jcobbles. BecauseJhe turtulenee of the 
'^urf'is greats ttie fine particles of ,^ltand claycan- 



npt accumulate on tfie beach but are carried off- 
shore where deeper, quieter waters allow them to 
settk Examine the sizes of the 6each tieposlts^ 
Where are the larg^t cobbles and pebbles located? 
The smallest? GeneVtl^ speaking^ waves lose th>ir 
energy as tbey traOei up the beach and can only' 
carry iightwefght particles. J^owever, storm waves 
will pick up larger rocks, transport them up the 
beach face and leave them stranded as part of the 

* ^'shingle beach. The gize of the particle is also 
related to the slope of the 'beach: fine sand forms 
beaches with slopes of low angles; coarse sand 
creates a steeper sbt:(e while cobbles are respon- 
sible for the Very steepest stope. How does the 
slope of Jasper Beach appear to you? How does it 

• compare with a sanHy beach? AJso notice the 

18 - r ." "" ... - . 




beach cusps which develop parallel to wave motion. 
These evolve as a series of U-shaped depressians 
along ihe beach with "horns" pointing s^wfgrd. Cusps 
^ have long1)een a puzzlement to coastal geologists and 
none of the dozens of explanations as to their 
formation Is completely satisfying. Generally speaking, 
they seem to be the results of wave^ with energies 
somewhere in between eroSional and deposUional. In 
other words, when a wave does not have enough 
energy to erode the beach but has too much to deposit 
sediments<it ^eems to form cusps. 

Excfjgerated 

Shore General Beach Profile 

Focc 
1.1 

-hmzh 



tuiniersur/zone 




Since most of you using this guide will be unable to 
v.... Jasper Beach with your students, l^t us now take a 
look at some ways you can study marine geology in 
your classroom. 

i s 

Activities 

Bcgch Models ^ -^^ ' 

Have students make a day model of the shoreline, 
using the geologic map of Jaspe/Beackin the 
pocket. Include some of the ocean bottom in the 
model. Place the model in a sink or large dishpan 
and add wateruntil the ''ocean bottom" part of the 
model is covered with water. This is how the 
shoreline looks today. Next> pour out.all the water. 
This is approximately how the shoreline looked 
when much of the ocean's waier was frozen into 



the glaciers of the Ice Ages. This is called an 
emergent shoreline^ Finally add enoUgh water to 
cover some of the areas that are land today. This 
is whet might happen to sea level if the polar ice 
caps melted and represents a submergent 
shorelfne. 

To study how different sized particles are carried 
by water, obtain a variety of sediments: clay, fine 
grained sand, coarse grained sand, pebbles. Put 
each size into a separate plastic dishpan, add water 
to nearly the top of each pan and stir the sedl^ 
ments vigorous^/ with wooden spoons or sticks. 
Have student^s time or observe how long it takes . 
for 6ach size of particle to stop movit)g in the 
water. You can see that as the water movemeijt 
loses energy, the larger particles "fall-out" and stop 
moving more rapidly than the smaller particles. 

Erosion 

If you have a ripple tank in the Science Depart- 
^ ment ^f your school^ you can set up a '*beach" of 
sand or pe'^bles at one enci and demonstrate the 
effects oi wave erosion. By using a variety of sizes 
of sediments and waves generated, you can 
demonstrate the relationships between wav^ 
height, beach sediment size and efosbn. 

Some excellent resources. for upper hi^h schbol 
students that discuss geolot^ical processes on 
beaches^re; 

Bascom* Willard, Waves and Beaches. Science 
Study Series, Anchor Books* Doubleday & Com- 
pany, Inc. Garden City,. New York, 1964. 

PVoject COAST **Sea J^loor Spreading*' Activity 
available on loan from Northern New England 
Marine Education Project. ' 

Ramsey, William, Clifford Phillips and Frank 
Watenpaugh.* Ac*/t;i*ies for Modern Earth 
Science. Holt* Rinehart, & Winston* Inc. New 
York, 1969. 

Scientific American. Con^mcn^s Adrift and ^ 
Continents Aground- W.H. Freeman and Com- 
pany. San Francisco, 1976. ^ 

Turekian, Kart K. Oceans. Foundations of Earth 
Science Series, Prentice-Hall, En^Iewood Cliffs, 
New Jersey, 1968. 
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TTl& information is intended to fatniliarize students 
with the major features of historic vessels parti- 
cularly sailing vessels, included are a brief vocabu^ 
lary lisl, a description and an illustration for rigging 
types. Our entry (or K ends with a rigging activity. 

Ship Terminology 

t^t; rear direction ori ship 

beom: bfeadth of ship 

boom: lowest wooden beam used in 

schooner rigging 
bow: forwardmost part oi ship 

bowsprit: boom extending from bow ot vessel 
cutwoter: where ship's bow meets water 
davits: smalt cranes from which lifeboats 

hang 

fotecastk: storage area in bow of vessel 
mast (moin, ^ 
/ore, mizzen)^ upnght vertical poles from which 

sails hang . ^ ' 
port: left (directional) 

sheer; horizontal curvatune of a ship's deck 

spor; crosspi&ce from which sails hang 

from masts 
starboard:' right (directional) 
stem:_ cutwater edge of bow extending 

from bow sprtt to keel 
stern: rearmost portion of vessel 

iwrds: spars 

windword: side of vessel the wind is hittlrtg' 
leeward: side of vessel not in path of wind 
/ree|>oard. amount of hull between deck and 
waterline 

keei: ' midline of ship upon which ribs are 
fastened 

oar: long rou^ng paddle for propelling 

sm'&li craft 



About Sails and Rigging \ 

Not all sailiitg vessels were rig^d in the same 
manner. Specific sailing ships were designed ftjr 
specific purposes, be it a Clipper ship, freighting 
Dowheast«r,^ or whaler. 

On sailing vessels, the first mast nearest the bow is 



the /ore most. The mast or masts following are the 
main mosts. The last mast on a vessel is the 
mizzen most. 

Sail plans.can designate over thirty Separate sails 
on a^ingte vessel^ but we can classify sailing 
vessels by the mast.and yard arrangements (a 
yordis the wooden crosspiece from which sails 
Kang on a mast). There are two major types of sail 
plans; square rigs and schooner rigs. Square rigs 
are four-sided canvases (though not always exactly, 
square), schooner rigs are large triangular - 
canvases. The combinations of these rigs as they 
are hung from the masts determine the type of 
ship. " . 

Not alt sailing vessels were "ships." Ship rigging 
implies that three or more masts must all be 
square rigged. Two masted ve$sel5 with square 
rigging are called bWgs, A vessel with at least three 
masts, the fore and main masts square rigged, and 
the mizzen mast schooner riggpd, is,a faor/c. 
Vessels with at least two masfs,.all of them 
schooner rigged, are simply. schooners^ no matter 
how large. Mast plans for various vessels are given 
in the.pocket. . . ...... 

While not all soling vessels or steam f>bwered. 
vessels are ship rigged, we still use. this term "ship'' 
to identify most large vessels as a conveniencei 

AcLivky - / 

Equip blocks of wood with various sail arrange- 
ments similar to those' in the picture. Qpmpare 
how these rigging? might be used on different size 
vessels for speed and manuyerabitity. Try modi- 
fying the blocks of wood for speeci and stabilijy. 
Why must the-keel (bot^) be weighted when 
wind catches . the s^ls? .This Is called ballastingi _ _ 
Sailing ships would carry granite ballast to prevent, 
capsizing. Try rigging sails- to roller skates and use 
them in the p_arkihg Ipi: on wmds; da^, 

A good reference on ship models is: 

Weire, Harvey. Ship Models ond How to Build 

Them] Thomas Y. CrO^wll Co., N.Y. 1973. 

Y9U will Jind niore activities of thfs sort in the 
NhEMEP Uhit, What h Our Mantime 



s for Longitude 
r and Latitude 




The concepts of btitude and ktngitude were first 
introduced to the world by the I^manastronomer, 
Ptolerny, about J50 A,D. His contribution opened 
up Roman geographic knowtcyge and enabled a 
prcjecHon of \he globe to be presented'jn map 
form. Rtolcmy.measured-ladtude by noting the 
angle the pole star makes with the vertical and 
devised a primative way of measuring longitude 
from the time required for sea voysges (see 
Ptolemy's Map). Captain jam^ Cod< 
(1728-1770), was the first explorer to use proper 
instrdmentation to determine longitude and lati- 
tude accurately.-- 



equator, since their planes do not pass through the 
center of the car*h, have^maller diameters. ^ 




P/blemy*s Map 



Since the time of Ptplemy, locations on earth have 
been specified by giving their longitude and 
latitude: Globes are provided with a grid of 
meridians, cfrcles irunr^fng north-sbuth through ihe 
poles, and parallels,^ circles running east -west 
parallel to the equator. The longitude is the angular 
distance, east or west, from the prime meridian, 
which passes through the Royal Observatory of 
-Greenwich, England. The latitude is the angular 
dista^rice between the parallel and the equator. The 
meridians and the equator are called great circles. 
A great circle is formed by the intctsection of the 
surface of the map with a plane passing through its 
O !nter:(see Globe Map)..Farallel5.other than the 




Giobe*Mop 



Bebw is a scale that shows the latitude distances 
in kilometers and nautical mil<^. Since a degree of 
latitude on earth always has the same length 
regardless of the latitude, a n^;{gator can use this v 
scale as a measure of length. Note that since the 
eaHh. is slightly flattened at the polss and is not a 
perfect spthere, a degree x»f latitude has a slight^ 
different length at different locations,,^- 

^ ^ Length of r latitude 

Latitude Kilometers - Nautical Mites 



0 110.567 59*701 

30 110,848 59.853 

60 11L414 60.159 

11L699 60.313 . 

The Mercator projection i^ used as an equato^rj^l 
projedtion which, in Gerardus Mercator's (1512- 
IS^jf own words is.simply "a new proportion and <x 
new arrangement of the meridians with reference, 
to the parallels/' that is^ a.cbnvehtional grid. In a 
Mercator prdjectt a$.one moves toward the poles, 
the scale'of the map keeps Increaslngr Sfnc^at the - 
pole a degree of longitude has zero length, the 
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scale of the map there becomes infinite; therefore it 

j^ i ol n po ssifal g to p l ot th g -pde on u Mc i Cd tor 

projection. 



Activities 

From the longitude and latitude exercise map 
provided in the pocket section, have students label 
and number the degrees oli longitude and latitude. 
Once labeled and numbered, students can dr^w in the 
longitude and latitude parallel lines. Refer to leJterY in 
this teacher guide for a ch&rl of the Gulf of t^aine that 
shows the values of the latitude (vertically) and - 
longitude (horizontally). The map is now in the form of ^ 
a 'grid*. Students should be able to locate different 
regions on the grid map (Cape Cod, Portland; Ntount 
Desert Island) By using degrees of longitude and 
latitude. (Cape Cod^VAT North Longitude, 70*7i; 
West Latitude; Portland 43M4' North Longitude, 
70*-7r West Latitude; Mount Desert lsland,44"45'' 
North Latitude, 6i5^'69* West Latitude). 
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Mercator Projection Map 



l^A is for Marinating 
Your Classroom 




This arthfe originoWy appeared in Current; and 
was reprinted with permission. 

by Les Picker and John Butzow 

As staff members of marine education curriculum 
projects, we often have teachers at workshops , 
asking how they can make their own marine educa- 
tion units. While .therc is no simple answer.to .this 
qu$stion» it has occurred to us that some very 
basic, simple procedures can be effectlyeiV used by 
interested, teachefs to create exciting, meaninsful 
and ediicationalty valuable marine education 
experiences for your^sters. 

The Mdjor Obstacle ' ^ 
The majdWty of teachers today r.ecognize the need 
for citizens to be informed about our world of 
water. These teachers, along with the ones who 
becom** ronvcrts at workshops, are unfailingly, 
enthusi^ic about aquatic education and its pot^n- 
tiaL Here is an exciting, fascinating^ and inherently 
motivating topic for their students^ One would have 
to think awhife to come up with a topic of greater 
significance for the future well-being of our water 
.planet._ ; ^. _ - _ — 

Unfortunalely, this enthusiasm is soon dampened 
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by what is initially se^n as a problem^ Most 
elementary and non^science trained secondary 
school teachers have little technical marine 
information. They see this as an obstacle. 

However^ we have foun^ it to. be more perceived 
than reair Teachers can and do have the expertise 
to design their own marine educatlpn units, tailored 

for their.own individual classes. 

* - -■ ■ - - __ . ■ 

A Definition of Terms . , 

There are two terms which are bantered about ^ 
nowadays and should be defined for pur purposes. 

Th^ first is "mu|tidisciplinary/-* a concept' as con- 
fused and mfeunderstood as the word is long. 
When we refer to a multtdisclptinary unit, we 
simply mean a.unit designed to indude.as many , 
subject area disciplines as possible. For example^ a 
fifth grade teacher wishing to do a unit on whales 
would be poorly advised to concentrate on only the 
biology of whales- Rather, s/he should draw^upon 
the wealth information ,ind actitivlties associated 
with whales in art^ muslo-^ riterature, science, . 
history, crafts, mathematics, and so on. How to 
accbmplish this is the basis of this articjer ^ 

The next term in need of defining is "infusion." 



"The last thing on j^arth I need is another new 

T^fr f^^m"^'^" ^gfrfi i il i ff ? "ti lid 
one, verbalized from Maine to Hawaii by eJemen- 
(dry teachers pressured to improve their students' 
readmg and math skills by one grade each year. 

While we would be quick to point out the impor^ 
tance of marine education, it should not detrsact 
from the 3 R's. Marine subjects should be t^aight 
with futi emphasis toward accomplishing basic and 
advanced skids. However, the means by which 
these skills can be accomplished are var^^d. Wfiat . 
we are suggesting here is that marine themes be ' 
use^ as frequently as possible as the vehjcle for' 
accomplishing these s}^\\\s. For example^ reading 
skills can be taught using marine related themes, 
and craft activities to teach psychomotor skills can 
utilise seaside materials. Literally hundreds of 
marine activities actually do exist in these and other 
disciplines. This is whot infusidn is: teaching your 
regular courses with the ^jectives you wish> but ^ 
integrating them (vith a marine education theme. 
Put another way, infusfon allows you to achieve 
your "marinating" objectives while coveririg your 
coursework. 

To Begin «r ' 

Let*s start witKa strong point of most*eiementary 
teachers in the United States: reading and litera^ 
ture. Coinddenta%^ these are the areas best suited 
for marine^ucation jnfuston and the areas wflh 
the greatest variety of resoufce material available. 

The first step to designing a meaningful marine 
edjcatton experience for your elementary school 
youngsters^ is. jo select a book witfi a marine ^ 
setting, preferably ope that is well known and/or J 
well reviewed. This could be a fiction book^ such as 
the ever popular books by Robert McCloskey, or a" 
non-fiction book relating the s^ory of an animal, 
plant, or hatu/al area such as Grandma's Beach 
Surprise by Jlka List. - 

Read the book carefully. Is it suitable for the grade 
you are^teachin^ Is it interesting? DoSs it rein- 
fore^ p^itive humanizing ideals and nri_arine aware- 
ness? Ask yourself these. Questions to^b^ sure you 
hav/e the booV that \in)l best meet the needs of 
both vou and the class. ^ 

The step that naturally follows is to select a 
, manne-rebted theme to tie in with th^ book. The^ 
themes can be obvious or not so obvbus ones. 

For example. One Morning In Maine, a delightful 
book for young readers by Robert McCloskey, 
takes us through a day in the fife of Sally, a young 
girl who Iives-on a Maine fsland. A teacher domg a 
social studies unit on different areas Jn the United 
States might wish to use this as representative of 
the coastal northern New England region. A 
teacher might also use fhebook in^^ lesson on the 
differences between fslands.and peninsulas^ . 

However^ other less obvious uses are possible. 
sj, Since the book describes Saily^ father. disgSr^ 



cEams and subsequently prepantig them in a clam 
chowder, the book is a natural tie-in foTa unit on 



nutntion, cuimin^llna in d Uicmdef^kiftg-aetivity^ 
Another unibcan. be designed around a dental 
health theme> as Sally's loss ^ a tooth is a central 
issue in the book. In fact Just such a unit has been 
designed'and succvsfully tested Ih New England^ 

Of course, the above examples are just a few of 
hundreds. Marine themes can be infused into the 
basic skill areas pf reading^ writing and mathe^ 
ntatics as readity as they can in supplemental 
curriculum ar^as. 

The Next ingredient 

After choosing both a book and a marine-related 
theme, write down the title of your marine educa- 
tion experience. Below that, list the book to be 
used and the marine theme you selected. 

Next, list the .outcomes or learning objective you 
hope youiLstudents will gain from the unit. It is 
best fo keep these simple, direSt^' concisely stated, 
and measurable^ 'As you eriibellish youz unjt^ y^M 
can go"back_and add additiona " 

Once tKese are dof*e, you must decide oh appro: 
priate learning acfjOities w^^^ 
reinforce the learning bb^ectives.you wrote/ _ ' 
Teachers tell us that this is often e^sfer.to do if- 
your learning acti\4ties are divided into traditional. . 
ones 0:e.j reading, wriflng,^pelling.and listem 
and activlly-based dne3 (i.e.a. obeying, drawing^ 
constructing). :. . - : . ' { - ' - .- 

With this list completed, go back over it and flesh 
it out a bit. Elaborate on each activity few 
key words. Can any of the tradiUonal ones be 
accomplished with more student involvement? Can 
the spelling list be used as a game? Is the sentence- 
structure activity, better carried out as a'small ^ 
group activity?. This is also th e point at wfiich 
■ audio-visual aids should be^dded. - ^ 
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Involvement 

Your list of activities ts fairly conriplet^ but no 
^ matter how broaddaiji activity area you have 
cohered, yotJr students'will still consider you the 
"expert" in the daily dassroom envffonment. So 
you aeed to broaden yourputlpok; Look at your j 
community; school,, town, county^ Are there people 
you can invite into class? How. aQ^ut a field trip? 
There are probably people, both old and young, 
who have experj^ce.in some aspect of your Unit/ 
who can expla)n» demonstrate^ lead a field trip; or 
provide specimens or. skills. Rer'haps there is an 
older.citizeh who. still rerttembers. how to tn^ke - 
^hing nets, or a. merchant marine officer who has 
'been to the country you are studying. These 
people are what make "a unit come alive. Whom 
can you contact? The list is endless and varies 
from locale to locale^ Here is a sample of people 
who are good bfifs;- 

Cpuhty Exfension^Agents 
Comnrunity BusTnesspersons ^ 
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Marine Advi^ry Service Agents 
Medicalpersonnet 

Commercial Fishers 

Marine Historians^ 
Senior Citizens 
Authors 
Craftspeople 
Photographers 
.Fnlksingers 
Poets 
Folklorists 

Coast Gu^rd Personnd 
-©ivers 



Propose some **what if,,," questions for discussion 
or/debate. We have seen first graders handle these 
questions, sitting in a circle^ with a seriousness and 



uutj ii bjiv IS a i itd^na. Of co ursgT^ h rdisctissiorr 

is a langu<ige arts activity and^ nneari^gful 
one at that. However, more importantly, it gives 
OTth students:£nd.you the chance to think of the-\ 
yja\2T world in a personal, internal way. It allows 
h'studgnts a chance to compare with their peers - 
their. values and feelings about the water world and 
ll to realize their future rolas as gusirdians of the well- 
// being of our water planet, . . " . , " 



It is importanf to obtain an interesting and 
interested resource persoh, Ypu should call aVd 
arrange a time to meet with hitrVher first. Explain 
what you want. Ask the resource person foz 
his/her ideas. It is better to siiort-ciccuit an 
impenc^^ctassroom disaster at this stage, rather 
ihan thirty minutes into the^fiasco. Remember that 
a resource person is hesi used io. demonstrate his/ 
her skills. Few resource persons are comfortable in 
the roie oflecturer. But poets can help students 
writ?poetrv or a lobsterer can show the class how^ 
io buiki a trap and rig it, >i 

Jjfntegraiion ;/ 
Nowhere.is the expressbn, "No man is an island'? 
moreappropriaffe than in curriculum devefopmem. 
In tode^^'s worlcp^o subject can or should be // 
studied in isolation. This is particularly true of 
marine education withjts economic, scientific, 
political,, and social implications, , 

What is needed in your unit, then, is integration. 
Look over your fresnly e^^paaded unit. Are tnere 
opporiunities to integrate other subject are^s into' 
It? Instead of a spelling list^,can you integrsjjfe a 
poe^-writing or language jrts expenencej* How 
about asking a poet in for help? -7 

If your unit Involves reading a book on^a'child's 
discoveries about ocean life, integrate a,science 
experience^^ong the same lines. A booicthat 
involves a sWp irfsome way is a natural lead to v 
historical tftaterial on ships. Most elementary 
school t^hors do not need to be ^otd the impor* 
tance^of fntesrating art and music e^tperiehccs into 
any learning unit. In this regard, tb'ere are literally 
thousands of marine-rdated song^ ahd skits for 
elementary school children, In the art area, simple 
materiafs can be used to create fairly complex con- 
structions by students as younjj as kmdergartners. 

Values _ 
'Teaching is valuing,*' according to an old maxim, 
Whether a teacher agrees with this generalization 
or not, giving students the.cjiWic^ to clari^i^ their 
values towaid the aquasphere Is critical. This is ' 
what allows a good marine educatbn unit to 
become a great learning experience. 

Near the end of the unit, allow your studetits time 
to discuss the learning experience as jt pertains to 
their new knowledge of th e world of wat en . 
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Evaluation ' * 

With the unit now completed, it is essential that 
you prepare a method for evafuatbn. Ttjis need 
not be a formal, objective test evaluation. Often, 
particulariy fqir the lower elementary grade 
st^idents, a simple project or.series of verbal 
responses is adequate, : 

If teacher aides cr volunteers.are-ased, aOow lhem. 
the opportunity tq evaluate . the unit^Without a . 
method of evaluation, jt:_is diffKiutt to assess the 
success of even the-best planned units of instruc- 
tbn, then, sit aowh immGdia_teiy afterward andi . 
plan revisrohs for'IHe next'time you'v/ill tesKih the ;■ 
unit : ■ - 

A Final Word ; / 

One last word of advice, teachers often work fn a 
vacuum, nee'dleasly feeling alofj^with their Jieeds 
as they construct a curriculum. Marine education is 
an excellent way for teachers to work in groups dii: 
these problems. Generate-an.ldea^ share ft with . . . 
your colleagues, and work foge(her to design ao 
effective learning experience. Marinating your.class- 
rooms can be as ntach fun for you as it for your 
students! . ^ . - ■ -. 
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is for Northern Ncw^England 
Marine Education Project 




Since Its inception in August of 1977, the Northern 
Mc^' England Marine Education Project (NNEMEP) 
of the UniversiV of Maine at Orono (UMO) has 
enjoyed grant support from National &ea Gi^nt as 
s^ rnpney to develop, trial test and revise a 
series of tcv^chers' resource guides tor general 
marine education. NNEMEP was Wgun in 
response to a general concern being felt at the 
national levels but especially critical in coastal 
states where marine resou^. development and 
economic ,srowtti have long lain, dormant.. 

Presently^ the major purpose olthe Northern New 
England Marine Education Project is.to . produce, 
education materi^s with a rnarine foci for use by 
classr<x)m. teachers.of Maine and New Hampshire. 
In 1981' and again in 1982, the National Science 
Foundation provided funds for editing and dissemi- 
nating more of these infusion units especially for 
Tniddic and junior hjgh^hool us.e* 

The ij^ne education units which were developed 
in this^jbgram are intended to be innovative and 
mijlti-diacfplinary. The units are innovative in that 
they are designed to be ,usecf^y ^classroom 
teachers as they are teaching within their standard 
disciplines and grade level objectives. That Js^ these 
units do not constitute a separate course oi 
instru ction, but are intended to infuse marine ' 
Copses into tKe stydSTOf standard school subjects. 
The following are erief descriptions of the updated 
units. These were specifically designed for grades 
5*9 but can %e used in a wide variety of grades and 
settings,* 

1, Have Vow Been,to the Shore Before?]^ a com- 
prehensive study guide to the Maine and New 
Hampshire coastline. The teacher background 
materials describe the jocky shore, the sandy 
shore^ the muddy shore and the shingle beadi 
and explains v^ere marine; plants find animals 
ma^ be fout^. Numerous study suggestions and 
illustrations^re provided for the most common 
marine plants and animals. Directions ftr estab- 
lishing a marine aquarium arc provided. Activity 
procedures deal with science, language arts, 
matheniatica and art are^ of study. Museums, 
field study sites and a list of resource persons ' 
Complete theunit^ 
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What is Our-Maritime HerHase? was designed 
to femiliarfee teachers and students with our 
heritage of ships and their importance to us 
today. Sections on jnaritime history, boat con- 
struction, the basics of sailing and I^orthem New 
Eh^and ships andshipping are found in the . 
teacher backgrpund^uidc. Classroom activities 
are designed to introduce students to tbci parts 
of a vessel, fan sailing, chanti^, making scrim- 
shaw, and building a model walking beam 
engine. Teacher Resource and Pres to Visit 
serctionsare jntended to aidleachers interested . 
in expanding the knowledge of <jiir maritime 
heritage. J- - " -" ' ^. 

, How do People Use Ligtithouses and 
Navigational ChartH?^ is an NNEMEP unit 
intended to help, students learn vicariously about 
the shape of ihe sea^ and its coasts and 
contours by studying navigational charts^ the 
maps of the sea, navigatidnar aids/ the roaj;i 
signs of the s^, lighthouses :and navigation. 
Teacher resources, annotated bibliography^ and 
places to visit sectfons complemenlt an extensive 
classroom activity section which ranges from 
lighthouse characteristics, and chart symbols to a 
Ipg w^itirjg exercise and "The Challenge of Head 
Harbor Passage" game. A pocket section coa-- 
tairis jma ny liseful charts, tables, and GghtJ^ousc 
sketches that instructors may easily copy for 
classrodti use. • 

. What Adventures Can You Have in: 
Wettcndsj Lakes, Ponds and Puddles? has a 
special purpose to make available teacher-tested 
ideas andactivittes for classroom and Ifield trip 
use to wet environments. The teacher-back* 
ground information provides i giiide to puddles, 
wetfandsj streams^ lakes and ponds. Activities m 
the classrQom coyer a marsh food web, making 
good use of the film- rnedium, arid creating an 
aesthetic classroom environment. Stream 
exploration and £x puddle study around the . 
school site are two of the field activities 
described in this guide. Teaclier resources, an 
annotated bibliography and pocket sections are 
also included in this unit» plus an Annotated film- . 
ography section. ' y , . ^ 



5. Is Our Food Future in the Sea? is a unit on 
aquaculture and Sea (arming that seeks to intro 
duce teachers and students to the biology, 

""^^^^eC^sn^rnicSj and gastronomies of sea farming^ 
especial^ of shellfch. Among the organisms di^ 
cussed in the teacher background section are 
the blue mussel, the oyster, finfish farming, the 
lobster and the marine algae. Classroom activi^ 
ties in_c_lyciA.e_ating mus^eJs, a ctustaceatustudy, ^ 
an aquaculture equipment, mussel dissection, 
water and nutrient passage in mussels and "the 
World Oyster Company Game/* An elaborate 
teacher resource section colicludGS this unit 
with bibliographies, supply houses, and organiza 
tiona] resources.-' 

6. Do Voij Know 6iir Marine Fishes? is the unit 
aimed at making people more &ware of the 
marine fish m the waters off the Northern New 
England coast. The nnarine fish and their many 
relationships to the environment and people are 
presented in the unjt. Activitiesjdcluded are 
aimed at_ personalizing the different aspects of 
manneiish to the student. The teacher back' 
ground describes the major fish tjfpes, biojpgy, 
commercial, and recreational aspecfs of marine 
fish. In the activities section creative ^Sriting, 
literature, home economics^ art, biology, and. 
even the "Trdlerman" game are among the 
projects included and designed to encourage 



student learning. The unit is completed. by 
pocket materials that assist in the actit'ities and 
awareness of marine fish. ^ 

7. Do You Know our Marine Algae? unii provide^ 
tethers and students with ap overall look at 
marine plant life. The background informatron 
covers marine algae classification, reproduction, 
economics Jbisioty^xulture, and_nutrition,_while^ 
several activities are also provided enabling 
students to work with marine plants in the class- 
room and field. The contents of the pocket 
section provide teachers with many useable 
diagrams, guides, games, recipes and tables that 
wilt greatly ease the teaching process. 

8. What are the ABOs o/Afah'ne Education? is a 
collection of teacher background information 
and classroom activities illustrating instructional 
techniques and resources dealing with coastal 
issues. Among the twenty-six topics" discussed 
are "I is for Islands " "L is for Longitude arid ^ 
Latitude,'" and 'T is7or Tides." 

Other acuities and services performed by 
NNEMEr include local workshops, consulting and 
summer courses (usually three weeks in July). An 
order Blank is given in the pocket for the units. If 
you have need for other information, write to' the 
project director, ' . 




^ is for Our Own Ocean. 
The Gulf of Maine 



'The MsiVpr fo'fheihead/and^^ and 
notthern New JEnglahd — Race Point\ tape Ann, 
Cape Elizabeth, ^etnaqmd Point, Schoodic Point, 
West Quod(fy'M2a_d looks skawatd not at the 
Atlantic Ocean but at the Gulf of Maine. From 
those ends of Imd^ with hothlns in view but the 
*sea, the Atlantic Ocean b^ins nearly 200 miles 
be^^ond fhe.horizon. 

77ie distinction between Qulf and ocean is reaf, and 
as we /earn more about oceart evolution, 
dynamics, and prodOctivity, the (Xslinclion 
becomes profound and significant. The Gulf o} 
Maine differs from the Atlantic Ocean in Us ^eo 
loQical history, tempergtmes^ cofor, sci/( coijlenf, 
physical processes, and livir^ communWes; all 
th&se dianQ& abruptly as its seaiuord boundaries 
are crossed " From the Author's Note 
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. Understanding our own ocean is an important part' 
of developing .marine literat^^studeiits. This inland 
sea is more populated with valuable marine life 
than anv other larg& body of water on>our entire 
water planet. For j.'our own background and for . 
use with secondary school students, we strongly 
recommend Spencer. Apollonio's 1979 book^ The 
Gulf of Maine, It is one of those exciting and rare . 
piedes pf writing. that can change your perception 
ofyour environment profoundly. 

The book is brief^ well-written and covers the 
critical factors ~- geo^raphy^ geological structure,^ 
geological historVr geological evolutioh, water flow, 
mixing, salinity, and Currents. The critical demands . 
on the fisheries, oil, and minerai wealth of the Gulf 
of Maine compel a greater understanding of it by , 
the citi2emy of today and tomorrow. The hooh 




costs $3-95 pnd is available from Courier of Maine 
Books, One Park prive, Rockland, Maine 04841, 

After reading it you will be better equipped tq plan 
f qctivf^i^ h the many academic areas which relate 
to the Gulf of Maine^ human historic, geography, 
Jydtolo^T^ oceanography, and coastal issues. One 
sugsestion fpllows and many, many others tljat are 
... iX)S5ible. -. \ ' : - 

^ *'our students ^ould make a huge map of the Gulf 
:p^(^ f Maine covering the walFof a classrooni (or tiie 



whole side of a gy^nl) showing general water depth, 
rivers frCSm which fresh water enters, the two 
chaftnels connecting the Gulf to the ocfean, bays, 
.estuaries, underwater basics, and banks, To do 
this you coutd utilize navigational, charts and illu^ 
Orations in the book such as thfcone reproduced 
here. Younger students itiighf make threc-dimen* 
sional representationa oOhe Gulf showing basins, 
shuaJs, water clepth, and canyons usbg^^^ 
ti<&le, modeling clay,' or papier-mache, 
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is for Puddles 
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^Thc-prescncc of pu'ddtcs off the school grounds or 
nearby lands c^n open u]$ many new areeis of 
aquatic adventures. A puddle is-a shalloiu, tem- 
porary collection of rainwater that may last from a 
few hours- to several u/^eks. The duration of 
.the puddle depends 0n th^texture of the land 
^^.where it is formed and the rate of evpporatior\^for 
^ the surrounding area. Heavy rains or tnelting snoiu 
usually proceeds the forrrtatbn of a puddle. ; 

The classroom and field activities that 

~ focus*upon puddles and their inha'bitors is 'endless. 
A class can stiidy the different luater cycles deve- 
loping from the sky to the school's roof, ioto^tKe 
drainpipes, gutters and gullies, can follow it into a . 
stream^ river, puddk, or lake. A discussion of the 
problems present lu^t environment can begin 
around this kind of study and be exte/ided to those 
particular aquaftc problems seen in your corhmu^ . 
nity: £^fe drinking wafer, cteah rivers and streams, 
the' importance of aquatip life in^the foocj chain, or 
an overall look af ypur. community's water cycle. 

Often, hundreds of small plants and animals can be 
found thriving in puddles. This is.^n. excellent 
op0£rtumty for students to investigate the different' 
organisms, their metabolism {gro^vth-and develop- 
ment) and reproductive methods. One common ' 
insect id the Matn^New Hampshire area is the 
back swimmerXNotonecta, order Hemiptera). ..^ 
In^ects'of the order Hemipter^ (hemiptera means ^ 
"half wing*7^re. the true bugs thett are usually 
foundjtving in or near the water, 

^fhk bai^k.swimmer is offen abundant in Neiv 
England's stagnant poets. Its back dull^ yellowish 
white and its front side is a dark brown or blacjk 
As the name suggesib this organism swims on its ' 
light coiq^ed back and, when viewed from etbove, 

■ the only cqlor seen by observers is the dark 
colored front. This true bug is from 1.0 to 1.5 cm 
long andlias a boat shaped, streamlined body. Jhe 
Hr^ pair of legs is^used for swimming. Back 
swimmers Ufill bite if dbturbed (a non poisonous 
sting) and-fpr thi^ reason water nets should be 

' used to safely cap^ire these organisms. 

Being (ess d6nse than water, tl\e^ack s^/immers 
remain at th^ waters surface -unless they propel 
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theihselves downwai;^d with rowing movements of 
their widely spread/oar-like hindlegs. The back 
swimmers are excellent^ flyer^. They swarm» 
occasionally in large numbers, especially in autumn 
when they seek other bodies of water^ wherethey 
will overwinter.- 

InVert^n species it is the egg rather than the adult 
^hat ovepvhiters, andjegg depc^its may last eight to 
nine months. The female inserts her egg. into waler 
plants with her piercing ovipositor {egg laying . 
tube), or cements them to the f^larits with viscous 
fluid,. I^e nymphs, which hatch af:er three to six 
weeks> resemble the adults except they lack.wings. 
They mature, after five iT\olt9 (shedduig of skin) in 
five to six weeks. Back swimmers are predatory, ^ 
insects that capture other aquatic insects 
swimming in the upper water layers, or other 
insecfs that* have falUjrrn,^^ing_tbem dry with 
their strong, sharp? prbboscf^fsnout). 

Activity / ^ 

Back swimmers and pickle jar puddles ^ , t 

Objective ^. 
To create an indoor wet environment for observation 
.and study. ^ ' . ^ . " . 

Materials^ * . , ^ / 

Several large glass jars with iids . / 

A smalj aniount of sand for each jar 
{giving plants and back ^^imrners collected from ' 
nearby ponds or puddles. ; • 

Procedure; 

Obtain large glass containers for each small group 
of students; three students to ajar is a ubrkabte 
number. The lunch prpgrSm tnyour school may 
hai'e extra (wo or three gallon jars with Jids... 

Each jar will become ilspwn closed system. Plan * - 
for one period of creating.fbe system, with ingre^ 
dients brought from home by students^or gathered . 
by the class on a field trip. Tilt the jars with pond / 
water leaving several centimtaters ot air at the top ^ 
of the jar^ jf tap watet- is used^^tlow itlo chloric v 
nate for forty-eight hours befc^re live organisrns.are 
introduces. ^ : ^ ^ " , 

Ptace a jsnnall ^moupt of sand m the bottom of each ^ 
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iLifecycle 

of a Backswimmer- 

I, Egg masses; 2t through 6. 
ventral vie ws of nympha' fnsfars; 
71 ventral and, 8. dojsd views 
;of aduft bcckswlmmer. 




pickte jar and allow it to settle. Add rooted aquatic 
plants such as.Elodea and floating plants such as 
duckweed, Tnctude one bacKswimmer.for eacli jar 
and put the'lfd on tightly. Place the Jars in an area 
where sunlight is available f6r several hours a day 
Back swimmers eat other small, soft bodted insects 
commpn to the area. The$ will also survive on the 
pre-packaged aquatic animal food available in pet 
stores (].e*, turtle food). 

Students can now observe this interesting and 
quite activainsect in its natural environment. You 
may wish to have students keep a journal of their 
. thoughts and observation over a long perip 



, tiiTie. You may ask several thought provoking 
questions that.stt^dehts can answer verbally, in 
their journals^ or as a take home assignment.^ 
Sample questions might refer to a closed vs. open 
system, thos^fjopfi chains presentjn each pickle . 
jar, the ecological niches of the organisms, the 
energy flow through the pickle Jar.puddle, and the 
' life histoTV of the back swimmer. . . 

*^For additional information on puddles see the 
Northern New England Marine Education Project' 
(NNEMEP) unit entitled What Adverttures Can 

. -You Have In Wettartds, Lakes, Portds artd 
Puddles? / . 



is fof Quahpg: 
The Hard Clam ' 




Qu^hos Ptssection 

The dissecltion of shellfish requires care because 
clams >iavG feu; cotored organs. There arg, . ' 
bowwer, many things that:can be readily seen exA 
the observations made dunhg dissectten cari serve 
J. asthc basls.fojr discussion,^^ " cy 

The. dissection <lea[5spect/!caliy with fhe^ ^ 
<j ' rceriam merceuarta or the otd name Venus 
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mercmaria^ but will appjy equally^.well^to many of 
the other bivalves (ousters, Ostrae eduiis, Cro^sfo- 
steria vir^nicai soft shel] claitis, Mya arina^rks; 
mussels, V^filus eduiis; and bay scalfops, 
Aquipecteny * ■ 

The'clam should be opened and dissected m salt 
water to reduce the damage tp;the gill and mantle 
structjure^, and the {nitia) cutting of the adductor 
musGtes^requ^res^ a shaip.khi^. For these reasons, 

^ -: V \: ( 
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it Is suggested that the teacher proWde^udents ^ 
with prccut specimens or allour [wo to three 
animals for the student to **practiceLon" prior to 
''tarting the dissection, The^problem with bivalve 
dissectiori is that one opening of an antmal will 
destroy delicate structures.. . » ' « 

External ^natcmy 

There are several things to observe about the out' 
sidcvof the clam. Figures for thi$ dissection are 
found in the picket. You will want to refer to them 
as iJou read the following background on clam 
anatomy. The first id the presence of concentric , 
rings on the shells;. These are growth rings ^nd 
there is a direct relationship between the spacing^ 
between the rings and the ertviconment, exactly 
analogous to a tree's ring system. The two valves 
of the dam are equal in size; however, shell equiva- 
lence varies among the bivalves. Scallops and 
oysters exhibit d marked difference between shells, 
the right ualve being flat and the left conv^. Shell 
shape reflects growth pattern and is characteristic 
of each species, though pronounced irregularities 
can occur under disease conditions. 

Some clams collected may have smalt holes in their 
shells* These holes may go partially or, completely 
through the shell, and are the work^of drills which 
attach themselves to the shells. The drill rasps the 
shell away unti! it cari^feast on the helpless clam 
within. Drill holes are A/ery regular in^sh^pcf and are 
the size of a pencil pioint. 

The umbo is the swelling on the dorsal side of the 
shell. The swelling forms a beak which points 
toward the anterior end of the clam. Finally note 
'the lunule'which is heartshaped and located ventral 
and anterior to the beak. 

The last external feature to note is the presence of 
a cartilagenous, rubbery material on the back of 
the shell.: This acts like a hinge and fdlows the clam 
to open the two wa^ valves by a pivq^ng action ^ 
which will be discussed later. If the organism is 
healthy, none of the internal organs (Mantle, gills, 
si-^hone^ or foot) should be protruding from ihe 
shell. '^i 



Internal Anatomy 

If clams have been cooled at 2-^0 for a half hour 
prior to dissection, adductor muscles will be 
relaxed and the process of opening shells will be 
simpHfied. Insert a' flexible kniferafi^ gently slide it 
across the interior of the upp^r, Jeft valve, Care 
should be. taken to keep the^.^nife blade from 
dama^ng the internal orgatl^:^^hich will be jpcated 
in the central re^^on of the ^m. Three me^or 
muscle groups will have to Be severed before the 
shell Cj^n be easily lifted to expo^^the organs: (1) 
posterior adductor, (2) foot retractor muscles, and 
(3) anterbradductor muscle. The posterior is 
largest in size, and the most easily cut. The anterior 
adductor may be located and cut after the other 
two muscle groups have been cut, allowing the 
jjidves to gape. If there is not a marked relaxation 
bllowing ydur cutting motibf)^ i^u may have to 
- " -■ - - - 
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repeat it,,atways seeking to avoid damaging internal 
organs, particularly the delicate gills. The hinge liga- 
ment is position€C^ so that the A/alves are open in a 
relaxed mode. The shells or vak'es.are held closed 
by the constriction jf the^adductor muscles. 

You Will immediate be confronted by the unfor- . 
funate fact that almost everything inside a cl^m is^ 

. the same colon Also, many organs are similarly 
shaped and tend to overlay each other* Before exa- 

'raining the organsi^you should examine the shell 
interiori When all muscles have been severed, lift 
the valve up and locate the pallial line which marks 
th^ place where the mantle attaches. The inner 
layer of the shell is completely different in tex nre 
and color from the exteridr portion of the shel^V 
This is because the shall is not one material but is 
composed of Ik^'ers of different materials. If it were \ 
possible to observe the cross-se.ctioa of the shell ; 
under a microscope^ three distinct layers would r 
become apparent:; (he inner or perist'racum layer, 
composed of conchiolin (mother of pearl)^ and.two 
outer crystalline layers composed of calcium 
carbona^<f and 'conchiolin. 

In certain bivalves^ the mantle is fuse<H^ventral|J^, 
and attached to the shell, as in the Quahog. (n - _ 
some bivalves the mantle is not fused ventrally and 
not attached to the shell. Because of this distinc- 
tion, it is possible to identify dried shells of different 
bivalves bv the presence or absence of the pallial- 
tine. It should also noted that in certain bivalves^ 
this pallialline is 4^ormed.into a pallial sinus.by ' 
the presence of the exhalent siphon as in the 
Quahog. A dried shell can tell ^u a lot about the 
animaUhat Jived in that shell. It can be used as a 
rough identification aid Jo separate certain 
members of the class B;valva_such as.mussels from 
clangs. The shape of the pallial sinus gives you an 
idea of the importance of the exhalent siphon to 
the animaj. furrowing animals depend utifon this ' 
oigan more than non-burrowing animaljj#The 
number and location of the adductor muscles can 
also, be used as an identification aid. tt is suggested 
that to fully demonstrate the differences described 
above, the teacher shodid display dried^ scallop, 
musseli aQd clam shefis^ ^ ' ^ 

The gill is actually composed of two W^shaped 
ctenidiurft, iused along the dorsaf surface,. After 
examining thjB left gill in place^ you may remove it 
by lifting and^cutting carefulty.along its entire 
length. You wi|l find that it is.attached to the main 
mass of organs along a rather straight line A^om the 
mouth area to the posterior adductor musc,r< 
When the gill isTemovcdt the digestive organE; 
should be easily extosed* although you should not 
plan on exposinglhe entire digestive tract, as the 
organs ar e positioned in layers-. 

The digestive system of bivalves consists of an 
esophagus^ stomachs digt^tive diverticulum, midgut 
or intestine, andJiindgutor rectum- Water is 
drawn over the ctenidia, and the food partlcles,are 
sorted out an3.cover_ec^u4{h a mucous materials 
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This food package !$ carried towards the palp and 
the mouth by fmy hairlike projections from the cell 
These projections are called cilia find their beating 
creates a current directed towards the mouth. On ^ 
reaching the palp^ the food is sorted. The material 
which is small enough to be accepted passes on- ^ 
ward and the larger material is passed outward 
^ towards the periphery of the maijtle. The mucous- 
bound food enters the mouth froni the oral 
grooves of th'e palp and moves to the^stomach via 
;^^hort esophagus. jOnce the fp&l re^c|ies the 
stomach and intestine, if is subjected-to mechanical 
abrasion by the crystaf style and chemical "degrada- 
tion by the enzymes and chemicals in thesis organs.^ 
Food is sorted by ciliary action and conveyed^o w 
^the digestive diverticulum bnd eventually is 
excreted into the cavity of the shell. Here the^feces 
(the matter which has pa^ed through the digestive 
tract) and the pseudo-feced (the triaterial which was 
rejected at the labtal palps) ^re both discarded 
thropgh the excurrent siphon to the outside. 

The foot is the organ of locomotiorL In animals 
^ such as the hard clam, the foot is used to burrow. 
Burrowing is accomplished by e^ctending th^ fout 
through the mud and then causing the terminal 
(end) jwrtton of this organ to swells acting as an 
anchor. When the foot is secured, the retractor 
muscles wbfch normally retract the foot are con^ 
tracted, anB since the foot is secured, the body 
moves towards the foot rather than vice versa. The 
h^rd shelled clam has devebped a wedge-shaped 
foot to facilitate this burrowing action^^This utedge- * 
shaped foot t^so pronounced that the animal 
derives the name of its order from It: wedged or 
hatched foot Pe/ecypo^fa. 

The gonads usuaHy lie iri the foot below the body - 
mass,^nd dependir^ upon the species and time of 
year, their size can be highly variable. The Quahog 
can change their sex in response to the n^ed to 
balance the number of males and females within- . 
the population. This sex change can occur either 
as a single event or several times duffing th^Jife- 
time of the animal. Fertilization occurs externally, 
although the animal may hbld the fertilized eggs ^ ' 
within the shell *n response to adverse envirob- 
mental conditions. 

) The hardshell clam has a "open" circulatory system 
whereby blood is pumped through arteries and ' 
veins with large spaces (sinuses) between the. two. 
The4ieart has a muscular ventricle and two 
auricles. The heart is anterior to the posterior 
adductor muscle. Cut into*the pericardicum to 
observe the heart. 

After you try the dissection yourself, duplicate and 
distribute the clam dissection figures from the 
pocket t9 your class. You may want to use three , 
days for this dissection. Day one could be used for 
introductbn and external anatomy along with com 
parison with oth^ bivalves eith^ living or dried 
shells, Pay two could be opening practice along, 
with an overview of intemaLanatomy_wilh.dissec-_.__. .. 



tion groups. working abng with teacher. Day three 
coujd he complete dissection of a whole mussel 
and/or an additional^organism such as an oyster or 
folfow-up discussion. 

Clams may be collected or purchased from the 
supermarket or fish market. Clams may be kept a 
■ week or so in the refrigerator without water or . 
returned to the refrigerator after partial dissection 
to wait for the next class* 

A Note on Sq/e Gottecting 
Of Marine Ot^anisms; - , 
If you plan to collect specimensj'^it is always a good 
idea to check first by telephon^with the Marine 
Patrol Officer of the Departm^rft bf Marine 
Resources who is^re sponsible for thTlown where 
your field trip will take place. ThVe may be a :|^ocal 
, shellfish ordinance with which you must tomply, a 
1)an ob sqme species due to RedTide,or the atea 
may,b^.closed due to pollution of other types. 

If the growth conditions' pf.tight/temperature^ 
nutrient level, and salinit^are in cehaih propor- 
tions, there may be a bloom of Red Tide/^is 
occurs when the dominant phytoplankton species 
which multiplies rapidly; under these ideal condi- 
tions is Gonyavlax famarerxsts: These^shyto- 
plankton produce chemical ^bst^nces^ithin their 
cells that are toxic to an^mals^Filter feeders such 
as dams, nuissels, and of^sters concentrate the 
toxin in thar systems. Whelks, snails, and others^* 
that eat the filter feeders also become {ok\c. When 
a person eats these creatures, he. or she; rnay suffer 
from a paralytic shellfish poisoning (PSP)^which can 
result in^illness and death. Fish, crabs, and lobsters 
contact this phyt9plankton only indirectly, do not 
concentrate the toxin, and are safe to eat. 

It is ill^al to collect bbsters in any stage of 
^ development — larvailhrouph adult. Ojhe^marine 
organisms may be collected without:^ license-^hen 
collected in small.quantities^f-Jt Is enomKHisly ^ 
in^oUbnt if'you feeUt ishec^ary^to collect, that 
you stress conservation and malfe'plans for effeo 
tive, humane transportation of the liying'thtngs 

back to school. - ^" — — — 

*■ 

^ Th<? quahog is also called the hard clam or cherryv 
stone; When small they are often eaten raw on the 
half shdL Hard clams make ^eat chowder. 

Quahog^Cifibwder . 
3 liters quahogs * I cMP pofafoes, dic$d ; ^ 

(Tiard dams) salt 
1/4 cup salt porkt diced dasfi fiep^er 
1/4 cup chopped onion 2 cups milk * 
1 cup cfam liquor and 

-water 

Steam clams open (5 mm.) and save liquor. Chop- 
Fry salt p&rk until golden. Add onion and cook 
until tender, transparent. Add liquor, potatoes, 
seasonings and clamt*. Cook about 15 minutes or 
until potatoes are tender. Add milk. Heat. Serve 
with larga pilot crackers. ^_ 

^32 *^0* ■ 
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is for Reading Mafilie Literatufe 



*\-/rhere is a mc^oTitypf children wha^ve nc 
experienced the ocea/s or takes firsthand. Most 
have not even-been /o the beach, andtwerecog- 
nize thd a trip to me beach fe onty step in 
understanding th^vastness oj the wat^s that 
surroCmd us. 

Therefore, to wucate for marineyivareness, we 
must took to vkorious experienq&s for childrenf..in 
the case of children whohabe riot experienced the 
GceonSt titerature becotms th^ very best way for* ^ 
them to become aware 6f^f{e potential of the sea 
to their o'wnjuture.*^' / ^ 

^ Norma BagnaS / * 

"t^^ding about the sea is one of the-mosffuii-afidl 
rewarding activities we can bfftr our'^students. 
^Many -books of hxgh literary quality and ^rtistr^ arc 

- aVailabl^ Wg describe ofily a few of o5r favorites 
below' ■ - - ^ ' 

AAgc Group: Elcmfentary Grades 
Day, Micjiaet E and Whjtmore, Carol. Berry Ripe 
- Moon, Peaksfsl^nd, Maine; Ti^lc Grass Press. 

A ^^hsitive and accurate porlrayat of the Native 
. Americans^retatfonsb^ to the sea before contact 
^ >vitli Europeans. An educalfonai guide is available 

also. 56 pages. Line drawing illustrations. (Grades 
<.^.6). ^ . ' - 

Hoilipg, Clancy H. Pagoo. Boston: Houghton Mifflin 
. jCojppany, 1957. 
Tfie'^ow classic story of a hermit crab's life cycle. 
A fun and scientifjcally accurate look at life in the 
«!ide pooti The full page color and marginal bl&f.k 
and white' illustrations are Juperb, A filTfi, Sfotyo/.^ 
A Bookt which fotlpws the making of Pagoo is 
available from Pied Piper Prodtfctions. 87 nagess 
(Grades 3-9). 

Jones, Dorothy Holder and Sargeant, Ruth Sextorii 
Abbie BurgesSt Liakthous^ Heroine. Camden, 
Maine; Downeast, Reprint 196? 
Abbie became a legend through hn resourceful- 
ness and bravery. This story ivcounts her remark- 
able young womanhood on Matinicu^ Rock in the 
. . mtd-ninekenth century. 190.pases, (Grades 4-9). 
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Lidnni; Leo, ;Fisft is .Fish. New York; Pditheon 
; Books, 1970,, -^ij 

An enchanting story aboul the way a fish imagines 
the oatside\vorld ^ described to him by a worldly 
frog who^s seen it. 32 pages. (Grades K*2). 

List, lik^. Gmndmia's^eachSurpfise. New Yock: 
G,P,mitnam:sSon^,-i97^. 
Jesse'leam^ aboui the ^each ancj its inhabitants as 
she e/plores it witpher jpad while collecting trea-. 
sures fonGrandmji's birthday. 47 pages. Blue-and* 
nist cdfcied drawmgs by Ruth Sanderson. (Grades 
K-3}. 

;cCfosky,-^Rober :. SuW Dow: Deep Wat^r Mon, 
ew York: The Vildng Press, 1963. 
All McClos key's I ooks capture in a specjal way 
Maine coastal life/ This, one is a tall tale of a fisher- 
man who catches a whale by the tail and bandages 
it, leading to grea ['adventures. 63 pages: (Grades : 
1-4). - 

McMillan, Bruce, Bnesi^Kind O' Day: 
Lobsterihs in Maine: Philadelphia: J.B. Lippim 
cott Company, 1977. " : 
A young boy makes a rite of p^^age as he spends 
his linst day as a ^ternman. Finest kind of story. 48 
^^^^^s^age3:{Grades 5-j5) Photographs, . . ?e 

Tressett, Alvin. The BeouerPond, New York: 
Lothropj Lee: Shepard Company,: 1970. 
Throughout the.vf^r Ihe lives of beaver and wild- 
life visitors to the^ pond ^e followed! 17 pa^es^ 
(Grades 1-6) Illustrated by Roger Duvoisin. 

Young, Jim. H^ej^^he Whale Come to My 
Town, New YorkSAlfred A. Kriopf, 1974. 
A gentle and sensitive sEorS told by a Province* 
town boy who watches his town cope with ^ 
stranded whale. Remarkable photographs. 36 
pages. (Grades 4*5)1 

AgcGftroup: Grades 7-9 
Thelollowing is a partial list of marine l^^terature, 
both fiction and non-iiction appropriate for reading^ 
in tl^d upper secondary grades: 

The Outermost Hoase 
The Sea Around-Vs - 



Hemy Beston 
Rachel Carson 
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Rachel Carson 
Rachel Carson 
Harold Clifford 

Samuel Taylor Coleridf;^ 

Ernest Hemingway 
if 

Rudyard Kipling 
Jack London 
Wesley Marx 
Herman Melville 
Herman Melville 
Charles Norclhoff and 
Mames Hal! 
Charles Nurdhoff and 

James Hall 
Charles Nordhoff and 

James Hall 
John^Steinbeck ^ 
Robert Louis Ste^-anson 

Captainis Courageous is especially appropriate 
reading for Maine students. The setting is New 
England waters around the turn of the century^ the 
subjects, a spoiled^ wealthy child and the fit^ermen 
of a North Atlantic. fishing fleet. NNMEP has 
available for loan a jfew copies of a prelii^nary draft 
unJlKon teaching this novel in Grai^e^ S^^^and 10. 



The Edge of the Sea 
Under the Sea Wind 
Charley York; Maine 

Coast Fisherman 
The Rime of the 

Ancient Mariner 
The Old Men and 

-the Sea 
Captains Courageous 
The Sea Wolf 
The Fragile Ocean 
Typee 
Moby Dick 
Mutiny on the Bounty 

Men Against the Sea 

Pitcahrns Island 



The Pearl 
Treasure Island 



Many projects, traditional and creative can develop 
from the reading of Captains Courageous. For 
example, the episode in which Harvey Cheyne falls 
overboard from a trans-At!antic liner and is 
rescued by the fisherman. Manuel, can lead to a 
discussion or research paper oh hypothermia. 
Interested students can write to the M.LT. Sea 
Grant Program (University of Massachusetts, 
Extension Sea Grant Advisory Program, East „ 
Wareham, Massachusetts 02538) for their pam- 
phlet ^Survival in Cold Water" or toMhc Coast 
Guard (any recruiting station) for. their publication 
AUX 202 (1076) "Hypothermia and Coldwater 
Survival." In addition, information on cold water 
survival suits can be obtained from the Im[;erial 
Manu(acturing*Gompany, P.O. Box 4119, 
Bremerton, Washington 98310. 

Three good bibliographies are available to help you 
select hagh quality print materials: 

Sea Sources: Bibliographic and Resource 
Material of Children*s Uterature of the Sea. 
By Norma Bagnall, 1979. Available free of charge^ 
from Sea Grant College Program, Texas A&M 
University, College Station, Texas 77843. 

A List of Books on the Marina Environment ^ 
for Children and for Young People. By Proj^t 
COAST, 1977. An extensive emnotated listing. , 




Teache^ackgr^und 

Starfish or 5ea Stars, the preferred.common name, 
abound on most rocky shores and about wharf 
pilings. Various species live from the tide lin^ to 
considerable depths on sand and mud. Boreal 
Asterias, A vulgarist is the common species north 
of Cape Cod. 

Sea Stars belong lo the phylum Echinodermata. 
The phyllum name Is derived from the Greek, 
echmos, meaning hedgehckj and dermo, meaning 
slugJg^O^oderms are the only, animals with 
complej^ systems that display conspicuous radial 
symmetry. Unique features such as a w^|er 
s/ascular system, calcareous endoskeletoh and 
pedicellariae probably reflect their ancient origin, 
the Echinoderms having already been differentiated 
' ltd Cambrian time. 



Sea Stars belong to the class SteUeroidea, sub- 
class Asteroidea, from the Greek words, osfer, 
meaning star and ei(fos, meaning appearance. 
Other Echjncderms include the sea cucumber, sea 
urchin, sai^d dollar^ brittle stars and sea lillies. 

The body of the Sea Star consists of a central disc 
and five tanering rays or arnis. On the upper or 
aboral surface are many blunt calcareous spines,^ 
which are pu of the skeleton. Small projections," 
papulae, between the spines function as gills and. 
for excretion. Around the spines and among the 
papulae are many minute plncerJike pedicellariae. 
Each pedicellanae has two jaws moved by muscles 
that open and snap shut when touched. They keep 
the body surface free of debris or sRiall or^famsms . 
and Tnay help capturejood. The anus is a minute 
opening near.the center of. the abor£)J surface. The 
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madreporite is a small plate near the center of the 
disc. It is perforated and connects with the water 
vascular system. . ^ 

In the middi^ of the lower or oral surface is the 
mouthv THe ambulacral grooves, symmetrically 
spaced radiating grooves, extend along the oral 
surfece of each airro and from it many slender tube 
feet protrude in four (or two) rows. On the tip of 
each arm is a smalt soft tactile tentacle and a light 
sensitive eyespot. . . . ^ 

The water vascular system operates as a hydraulic 
system during locomotion, pfasella are located on 
the madreporite and their beaming draws sea water 
into the pores of the madreporite. The water then 
passes to the sione.canal which has calcified rings 
m its wall. The^stone canal leads to the ring canal, 
located around the mouth on the oral surface, Ffve 
fadial canals extend from the ring canal, one in 
each arm above the ambulacral groove. These J 
canals end in the tip of the arm m a small, extemaK 
tentacle. Each of the radial canals gives off many^ 
lateral .canals, one to each of the tube feet. Each^ 
tube fool is a cbsed cylinder with muscular walls, 
haying a sucker at the. outer or free end,.and a 
bulb like ampulla at its inner end ^thin the body 
cavity, Wfien an ampulla contracts,, the fiuid It con* 
tains is forced into the tube foot^and extends, the 
foot. The water is prevented by a valve from 
flowing back into the lateral canal If the tip! 
touches an object, the musclesjnay contract and 
return the ffuid to the an:9utla so that the foot 
shortensr Withdrau^als of fluid lessens the pressure 
vrfthin the tip and causes it to adhere to the object 
because of the greater pressure of the sea water or 
atmosphere outside. The foot thus acts as a 
suction cup. The tube feet r^ct either independently 
or in a coordinated manner. They serve to.hold the 
sea star to the substratum, for locomotion and in 
the capture and handling of food* Sea stars have 
been obseryed to walk as jrnu$:h as six inches in a 
minute. On the soft sand and mud, the suckers are 
of little use and the tube fe_et act as little legs. 

The functioning of the water vascular system gives 
th€ sea star for a unique f^ility to open the shells of 
bivalve moltusks. With a bivalve, the starfish lies 
over the prey, which voluntarily opens its shell at 
••intervals. The.sea star can insert part of its. 
stomach in a space only 1 mmr Widc between the 
shells. Also, the sea star can grip the opposite 
valves with Its tube feet and gradually pult them 
apart (maxfmum pult 1,300 versus 900 grams 
resistance by abductor muscles of bivalve). The 
bivalve can resist a much greater pr^_ssure for a 
short time, but the sea^tar uses its tube feet in 
relays and can outlast the bivalve. When the 
bivalve tires, its abductor muscles start to relax. 
The sea^tar then everts its stomach through its 
moutli opening and inserts it into the-bivalve. 
£nzynies of the sea sfar reduce the bivajve to 
broth and it !s easily absorbed. When digestion is 
complete the stomach is retracted. An empty 
biyalve shell is all that is left breliind.^ea stars r/iay 



feed voraciously but can also go wj^out food for 
long periods of time. A month pld 3ea star in an 
aquarium devoured over fifty youi^ clams In six 
days. On commercial oysfer beds,^a stars can 
cau^e serious bsses. The sea star aiso relies on Its 
tube feet and pedicejl^ria to capture food and pass 
it on into the mouthf 




Teacher Guide : y 

Sea stars can be.obtained.along almost any rocky 
or especially a shelj covered bottom. They may. be , 
under rocks,. among plantsi in creylces, or Sn tide 
pools. Also look on wharf pilings slightly below the . 
bw water mark. Citlect at low.tide. For best 
results, collect small stars, one inch or less in 
diameter. . . ; . ■ 

Plastic mayonnaise .or mVtstard containers .make 
Sood transport jars for sea stars. (Check the" 
school cafeteria Ifor jars and clean them with baking 
soda and hot waterand let them air dry,) Metal . 
* containers are toxic to marine organisfhSr'One or 
two organises per gallon of water is a good rule to 
follow. Keep cool. .If you arei traveling far distances,' 
place the gallons in a styrofoam cooler with ice in * 
between thejars and fresh. sfiaweed_pn top.* 

This unit, is designed for short term u^ and does 
not involve.the use of salt .water aquaria. 5ea^ars 
can be storedin glass gallon' containers which have 
been cleaned with baking soda and water, Hl.the 
containers one half to'three.quarters full.of sea 
Water, with one aniriMl to each galbn container. 
Keep in the refrigeraior at a constant temperature 
around 24*G. Change Ihe water completdy^ every ' 
day. Extra sea water should be tightly covered arid 
kept outside in cool shaded area or in the refriger- 
ator until user. Animals may be taken out for one fa 
one and a half hours each das^^. Feeding " 
instructions are dealt with under A is for aquariumr; 
When.the organisms aft.to be viewed, place in a cul- 
ture dish vyith sea yj^ten Use a stereoscope orhand 
lens for observations* _ : . ; 

When you are finished with your specimens^ you 
may wish tp preserve them. Follow these directions. 
For one hr^'^^mmerse.the sea^s^^^ in a container 
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to whicb epsom salts hav/e been added. Then soak 
in a solution of 70% alcohol or 5% formalin for bur 
to five hours. Remove and aQow to dry. 

If your school has slides ot the cross section ot a 
sea star's arm, they would be interesting to view, 
Vou could also make drawuigj of the cross section. 
Transparencies on the sea staV are available or 
could be madeJ3jLthe-teadie«ilonaiWith any 
ptherjiecessaty diagrams, . . ^ . > ^ 



Most high school t>iology texts contain a chapter 
on the Echinoderms, Two films are available from 
the University otiVlaine film rental library* They 
are; Echinoderms; Sea Stars andTheir 
Relatives and The Life Story of th e Sea Star, 
Also the Peterson field guide series, Fietd Guide 
to the Athntic Seashore^ by Kenneth Gosner, 
has some excellent material on identification of sea 
" stars, ' 





"Practicallsr everyone know^s Jhat tHif Wortd*s marine 
waters Tise and fallj to some degree^ eveiy day/ ^ 
This informatics has a)w^ been bf great 
importaiKTe to sea captafjR andnay^ators, 
especiallyjwhen guiding ships, in out of 
harbors and when worWng vessels in shallow 
waters arouna^^ands and near the shore. 

The tides are primarily caused by the gravitational 
forces.of the moon and sun, When the moon^nd 
sun are in a straight line with the eElrth .^a new or 
full mooA every two yyeeks), they pull together and 
the tides are at their greatest heights, This^ period 
js called a spring tide. When the moon, sun and 
earth form a right angle (durin,o ihe moon's first 
and -last quarters)^ the gravitational brces oppose 
each other and the tida! height Is lowered This 
period is called a neap tide, . '/ 

The :^rth and moon are strong'y jdrawn to each 
other because of the gravitational forces involved 
and their proximity. This mutuaf attraction is 
babnced by the centrifugal force (a measure of 
momentum that tends to move the particles of a 
rotating object awfiy from the center of rotation). 
The centrifugal force exactly balances the gravita- 
tional attraction at the cei^tefs of the earth and 
moon and this is the res^ion why the tides are high 
or Ipw simultaneously at op](>osite ends of the 
earth- On fhe'side ofihe earth nearest the nioon, 
the moon's gravitational pull is greater thari the ^ 
centrifugal force, mi on the^opposite side of the, 
^arth the centrifugal force ts greater than the 
moon*s attr^ctiort. On a hypothetically smooth, 
water-covered ^rth, the water would.flow toward 
the moon on one side of the earth and away from^ 
the moon on the other side of the earth, Thusj two 
tidal bulges or crests are formed, separated by two, 
low ^T€^^ or troughs. 



SprinsTide 




fo sun 



Neap fide 



moon in 
fi](^i quarter 




to sun< 



moon in 
third quarfer 



Posfrions o/ (he sun and moon relative to the earth 
during the sf>rin3 and neap tides 

Relationship of the tidahproducitjg forces to the 
. resulting tide bulges and troughs. This, diagram 



36. 



CENTRIFUGAL 
FORCE , 




GRAWITATIONAI 
X PULL 

" \ ' 

> TO MOON 



C^uK TROUGH 



VDE . 
BUl^GE 




:^TOMOON 



WATER 
SURFACE 



depicts an ocean covered earth with the moon in 
line vJiih the earth's equator. 
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Ebb Flood Ebb Flood 
Diuwol Tide (Maniiof Phtltpptne hi.) 




Flood Bhb Flood Ebb Flood Ebb 
Mixed Tide {Seaiile, Wash.) : 



Flood 



1 


I 


1 


1 - 














1 \ . 


1 



Mixed Tide (HonohJu,Jidwdii) 



Flood 



Tides are generally^ jjlassified into three ixfipes: 

1. Semidiurnal — has two high wafer and wo low 
water levels each day with little or no difference 
between consecutive htghor low wafer heights. 
Semidiurnal fides are common along the eastern 
coast of the United States.^ 

2. Diurnal — only one liigh and cine low water level 
occMr each day. Those fideg/along t he China 
coast, are diurnal. '- v ^ 

3. Mixed Tides ~ have both semidiurnal and diurnal 
characteristics. There are Iwo high water and 

. two low wafer levels each day, bOtlhere is a 
considerable difference belwefen the^heights of 
successive hfih water or successive low water 
levpls. These differences: are ca!le4diurn^(daily) 
mequalities. The tfdes along the Pacific coait of " 
the United States are mixed tides. ■ 

When conducting a study of the tides* observa- 
tions of the time and height of rise and fall must be 
taken each day over^aJong period. Tidal stations^ 
afong fhe coast usually take these observations 
automatically by the afd of a recording instrument - 
that rises and falls with the tides. After a numbetof 
recordings are accumulated from various places 
around the wprid.^ certain characteristfcs of the 
tides can be discovered and future predictions can 
be made. The Northeastern tidal stationsi^that are 
used by_ the National Oceanic and Atmospheric 
AdtViinistratlon (NOAA) are: Argentina; Newfound- 
land; Halifafi? and Pictor^ Nova Scotia; St. John, 
New Brunswick; Eastport and Portland, Maine; 
Boston, Massachusets. 

How to Read a Tide Table 

Tide tables give the times of. high and low tide, plus 
a number for each high or tow tide. This number 
tells the height of the tideabove or below a refer- 
ence point called the mean low tide. The mean low 
tide is the ayisrasc level^flow tides. For example, 
■ iftheftidatfevelisglven as LSmeters^ the-tide level 
will be 1.5 meters above the mean low tid^ 

^ reference lioint. Negative nutirtbers mean the tide 
level is below the mean low. tide. - 

Characteristic Tidai Data 
WaterLevQl WaierLeirei : 

fn cemitnet&TS) . (in cetUtm&ten) 



12:00 a.m. 
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125 


1:00 a.m.- 


'20 


..-60 


6;00 d.m. 


-J 75 


'5 


'6:00 a.m. 
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■10 


12:00 p.m. 


175 
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9:00 a.m. 
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'6:00 p.m. 


.175 


5" 


IMp.m. 
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12:00 am: 
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6:00 a.m. 
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1:00 a.m. 






12:00 p,m. 
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6:00 a.m. 
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6:00 p.m. ^ 


■175 




12:00 a.m. 
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12:00 a,m4 


ITS 


190 


2:00 p.m. 


.180 
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. 8:00 p.m. 
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Manila ^ 




t 


Honolu^u- 
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Activity 

A graphical representation of the rise and fall of the 
tides for specinc dpys and months can be shown 
by plotting a curve from tidal daia; time ici hours 
and minutes^ height in meters. 
L From the data in the pocket, plot a tidal curve for 
Portland, Maine during 6 days in February, 1981. 
Using the blank graph ohe provided in the 
pocket* piot the heights abng the vertical axis 
"tth tr y -axib u r uidi ri a t^^-andrthe^imeHfl^^ 



and daiWS on the horizontal axis (x-axis or. 



abcissa), >Cori(;iect- the points with a straight tine. 

From the same data, pbt the tidal cTirve for ^ 
Portland, Maine during the entire month of 
February, 1981. Using two copies eadi of the 
blank graph two provided in the pockety ptot the 
height in meters and the time in days. Also com^ 
plete the blanks for the stages of the moon and 
the tjdal stages where S stands for spring tide, N 
stands for neap tide, and A stands for the 
aveirasfi lidal-sfage^: — 



is for Uses of the Sea by 
Native Aniericatis 




The Native Amerrcan meaning o[ the word Abenaki 
is "place of the Dawn.'\The tribes which comprised 
the Abenaki nation wei^e heeivily dependent on 
coastal and aquatic resources for food. The tribes 
of the Abenaki nation were divided by dialects; 
first, the Natick dialett included^ the coastal 
Pennacooks, and Sokokis. The Abenaki dialect 
included the Anasagunticooks^ the People of the 
Androscoggin River Valley, the Kennebecs of the 
Kennebec River Valley. The Etchemen dialect 
included the Penobscots, Wawlnocks, Pemiquids, 
and the Passamaquoddys. 

Natick 

^1. Pennc oofcs: These people inhabited the south- 
west corner of Maine (Kittery^ York) and the 
^oast of New Hampshire (Portsmouth^ Dover, 
Great Bay). They probably lived in fixed 
viliEwes. They grew cropSj fished and also 
■ hunred 




Probable Territories of 
Native Americans Before . 
Contact with European Settlers i, \ 



ERIC 



2. SofcoWV These people inhabited ihe Saco River 
Vattey. Thej; grew crops and hunted. 

Abnaki ^ ^ 

1. AnasQQunticooks: The^e peopk inhabited the - 
Androscoggin River Valley from Berlin to" Brun- 
swick. They lived in fixed villages and depended 
upon hunting and crops. These Anasag^ntfcooks 
were the last to make peace with the colonists. 

2. Kennebech. Thehe people who wert; <jlso c<jtled 
Sagadhoci, inhabited the Kennebet River Valley 
from MoQsehead Lake to Merry Meeting Bay. 
The^ gavd much dttentton to their crops and did 
some hunting. 

Etchemen 

1.. Wavjanrch ''Pa^pf*' of the Boy Cquntjy '\ Their 
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name gives away their locality. These people 
inhabited the coaSl from the Kennebec Riyer to 
the Penobscot River. The Wstwenocks did much 
foraging on the clam flats and grew crops on the 
coastal islands. Today their huge shell heaps 
(middens) are all that is left of these people. It is 
said that Samoset/a member of this tribe who ' 
greeted the Pilgrims in English. 

Ptenobscofs ''Peopfe of the Kocfcy Places": These 
people, some of whom presenile, Hve in Old Tovyn, 

49 



lived In a variety of.plac^s. Some lived near Penob- 
scol Baj^rptiiers gfewl crops on the islands and 
fished. Th^also frequented the upper rivers near 
the falls where they caught salmon and other 
anadromous fish. They were the rm^i numerous 
and powerful tribe of the Abenaki Nation. They 
-^had inttuence all the wa^ to Massachusetts. Since 
the contact period, thePenobscots haveVhifted to 

the Abenaki dialect. 
^ ■ . 

3. Passomo(ju6"^s "The SpfiarersT?/iPbtoc/rr 
These people lived on the coast from the \ 
Penotecot River to the St. Croix River. They \ 
were bold sailors* hunters of seals, porpotse ana\ 
whales. They oftenlook their ocean going 
canoes from Maine across the gulf to Cape Cod. 
TheytJid raise some corn but depended upon ' 
hunting shellfish and fishing. They were prob^bV 
nomadic, moving from one clam fiat to-anCHier. 

The coastal people at all times depended to a Icirge 
extent upon the many fish of their lakes^ rivers and 
bays. The iGetfr^e We ymouth E xp edition recordg f, 
James Ros^n^ recorded many kinas ot'^^iish iwater" 
animate) as being utilized (tbe^e arc given in the 
original spelling): 



Leister 



1^ 

Whales 

Cod ve^y great 
Herring great 
Thomeback 
Lobstar great 
K"usc8ls great-wlth 
Pearlesmthem 
Cuimer flsh 
WMtlng 
Tortoises 

\ 



Seales 

Haddocke great 

Pl&ise 

Bockefish ^ 

CraJb^^ 

Cocfeles ^ 

Wllks 

Lumps 

Soales 

Oisters 





]. Fish spear or leister: a spruce shaft 2-3 meters 
long gave fhe user much range from rocks or 
— eaneGr^alni0rhi3ol[oekrand-€ete^re^e*9mm<; 
victims. 

2 Single tipped sp^or -like a leister except no grips, 
used for spearing turtl^, flounder arid hibernating 
^els,. lobsters f.*id crabs\ 

Jtggmg: a barbless large si2^ hook made from the 
crotch of a willow abolit 7 to 12 centimeters 
long with its point hardened by charring. The 
hook was i^*eighted with a stone. This method 
was used for catching (ish in schools such as 
mackerel and pollock. . . 
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4. Hooks: these hooks were made from bird breast 
bones (wish ben es). One end was rubbed upc^n 
a"stone torsharpen it. Baited, it Xvas iis^^llkc"" ^ 
modern day hooks. Fish as well as bbsters were 
caught this way. 

5. HarfJoons; these lances barbed at the end were 
used to catch salmon, shadSj porpoises^ and 
sometimes beaver. ■ ^ 

6. Splint basket ttops: the traps set in^treams mostly 
for eels were constructed firom wood splints, 
probably Basswood. They wert; about one meter 
long and one foot wide. They were baited and 
then weighted down with rOcks. 

/ Poisorifrlg/isfi: the fishponds of streams when the 
water was tow were pofsoned With planis such 
as Pokeberries and Indian turnips. Th^ dying ^ 
fish Were then picked up on the surfai:c. 

We suggest that v*our class study coastal utiliza- 
tion in a project or library, study forma'.. 



Native Aniericans ate many types of aquatic and 
marine animal life such as salmon, clams, 
_ juordnsh> shark, bluefish* porpoise, shrimp, 
scallops, periwinkle, eels, catfish, sturgeon, skates^ 
mackerel.. 

Besides the simple foraging for clams, and other 
mollusks, these people had several ftshing methods. 
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Project Ideas 

1. Carve fish hooks. 
2r Carve fish spear. 
3. Make a Hsh net or Hsh trap. 



Questions/suggestions for mvestigations 
h Why did the Native Americans go to the coast and 
at what times of the year mijght they have done so? 

2. ^ What food did they prepare at the coast? 

3. What ijjay Ihey have eaten in the winter? 



tinned s^^dr 





T-m 




Splint ha^k^t trap 



4. Did the precontactNat i\{e^mericans hunt and fislT 
for sport as we Co'f ' .— _— 

5. What methods did they use to fish?*^ jr 

6. What m^hods did they use to hunt? 

7. What animals did they seek by hunting and fishing 
in the coastal. region? 

8. How did the Native Americans keep their fish from 
spoiling or going bad?^ 

M*^h scholarship is needed on the precortact 
.ati^e American's lifestyle. Probably the Lt?st 
<^r^^f/^c^Ufi^r/^xri'^i i^nn^icrfifis o fthe Modern 
tndians af Maine. This book was puoiisheo m 
1932 and reatiy deals with tKe post-contacf period. 




Think of the many ways vessels are used in Maine. 
How many can you fist? Were you abte to come up 
With movement of cargo, transportation of passen* _ 
gers, coastal defense, scientific research. Or com- 
mercial fishing These awe really Just a few of the * 
functions served by ships and boats in Maine. 

^In this section, we will "visit'* a vessel and 
examine use. In addition^ we will provide 
resources to help you learn about the characteri* 
sties of varbus types of ' hips to determine what 
makes each unique. By studiring^ssels^ students 
can develop a^^reater appreciation of Nfeine's 
heritage of ships ^ind will have a better under- 

. standing of the roles played by ships in Maine's 
economy today. 

There ate many ways you and your class can visit 
a vfissei ~The.most cfi^mmon]y_ toured ship is, the 

'.A 



training-vessel Stat^ of Maine moored at Main^ 
Maritime Academy, Castine, Mabe. This 533 foot 
ship is used by the Academy In the training of sea 
men and. women for careers in the merchant 
marine, the Coast Guard, and other maritime 
positions, as well as by other educational institu* 
tions for marine^^research. When the vessel is in 
home port, classes are welcome to vrtslt her. If you 
are interested in taking your classes on a field trip 
to the State of Maine, please make advance 
arrangements through: 

Director of Public Rcfations , 
Maine Maritime Academy 
Castine, Maine 04421 
(207) 326-4311 

A side view of the State of Maine is given in the 
pocket. 
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Stateof Maine 

luxury passeDgertargo vessel for the American 
President Lines and was to be named Ihe SS Ptesi- > 
dent Hayes. Her construction commenced in 1949 
with the laying of the keel at the New York Ship- 
building Company shipyard in Camden, New 
Jersey. Work was. progressing satisfactorily when 
the KoVean War abruptly changed the future life of . 
the ship. The immediate need for troop transpQrts 
by the United States t^lavy gave the ship a new 
owner, and conversion 1o a troop transport started 
in September of 1950. She was christened the 
USNS t/psfiur after'Major General Wilf^m i 
Upshur^ United States Marine Corps, who was a 
Congressional Medal of Honor winner for his 
action in the Haitian Campaign of_19l5. After sea 
triak in December, 1952, the United States Navy 
accepted her for Military Sea Transportation 
Service, now krtown^as the Military Sealift 
dommand. 



to all parts of the globe. In the mid 1950's the 
C/pshur carried troops and their families in 
Operation Gyroscope m overseas rotatbn of . 
military units to NATO areas in Europcl In 1958, 
during the Lebanon crisis^the USNS Upshur vt^s 
one of the primary troop transports faking U.S. 
military units from Germany ttjj^eb^non. The 
t/pshur continued carrying troops and families to 
Europe until 1965f with one interruptictfi in ■ 
October of 1962^ when she rsjced to im. 
Guantanamo^Navaj Base tn Cuba to lift some 17.00 
dependents^ and:feturn tt:em ib the United States 
just pnof to the Cuban missile crisis. !n August, 
1965r the USNS Upshur became part o1 the ^ 
Military Sealift Command, Pacific and was^esig- 
nated a^on^ c. five transports to transport the 1st 
Air Borne .Division to Vietnam, This transport , 
service. continued until December,. 1967;— when 
the t/pshurwas designated to Far East service in 
which it completed 65 round trips between Kore^^ 
and Vietnam carrying ROK units fighting in the 
conflict. \ 

In April of 1973. the USNS Upshur was released 
by the Military Seaiift Cornmand to Maine Mari- ^ 
time Academy and the Maritime Administration in 
Boston, Massachusetts, After a brief drydocking 
peiiod^ the Academy departed on the newly named 
St_ate of Maine on a two month trainiijg cruise to 
South Ameiica and the Carribbean. 

A highlight of thcjnitial cruise 4or the shp was the 
transporting of over 200,000 pounds of gift cargo 
for the Partners of the Americas Ptogram ftom 10 * 
U.S/sEates sister stales in Brasfl and Columbia. 
Cargo indbrded.a portable basketbau floor/X^ray . 
machinesp hospital beds, an ambulance andalarge e 
supj)1y of school Supplies and equipment. 

The 1974 training cr^efwas^-first forjMaine . 
Maritirne AcBidemyj as thejraihing sYSp State of/ . 



Maine visited Leningrad in the Sovi^ Union in 
early June, It marked the first time, evertthat a 
-.traini na sI"P a n jf j^i n d f ro n rihe-Umted-Stftt^ 
visited a Russian port. ^ ^ 

The State of Maine experienced another first 
while on training cruise in 1977, She played the . 
part of a Hussiao fish-factory shipj Sovetskaya , 
Utva,_\n the Paramount produce^ Ty_movie, The 
Defection of SlmQs Kudirka. It was aoout the, 
Lithuanian seaman (Ka2(|rka} who^made an attempt^ 
to seelj asylum by jumping to the deck of a U.S. 
Coast Gu&rd Cutter off Martha*s Vineyard m 1970. 
The film appeared on the CBS network in January 
197a 

* . 

If you cannot visit a vessel in person, visit one 
vicariously. There are many plastic and wooden 
boat models on the market which can be 
assemble(fby children. In the process they will 
learn something-about the. parts of a vessel. Older 
students could design and bujid their own models. 
-ThsApprenticeshopr Program of. the. Maine - -- 
Ma intinft^fe Museurn at Be *h can ^p r o vide information 
^n half modelKng and lotting, two procedures used 
in, boat building, that might be helpfu) to students^, 
in this eiideavor. _^ - " , ._ - 

Students pan also obtain Infomiation about ^Impor- 
tant seaports in Maine by Lwriting-tp the Port 
Authority or Chamber of Commerce of thatport. 
An impressive little booklet about the Port of !. 
Portland is available from: ■ / / : ; 

The Port Commit!ee of' the Greater Portland 

Chamber of Commerce ' ... 
142 Free Street 
Portland^ Maine 0i4l01 

Another interesting class Involvement is to "Adopt- 
A Ship." The Propeller CfUb of the United States . 
sponsors thi& plan which enables a class (Grades 5- 
8J to correspond with.captains arid/or crew 
members of merchant Tnarine vessels. For more^ 
information on'thc '*Adopt-A-Ship" plan write; 

The P^opeHerClub of the United States 
1730 M Sfrefet; NW Suife 413 \ 

Washington, D:C 2003&- — 

{202)2m401 ■ . :/ 

Also, Woodenboat magazine (Brooklii\ Maine^_^ 
04616), iheNationafFtshermanandSmallBoai 
Joumat (Camden^ Maine 0^4843) and Maine Com- 
merciai Fisberies newspaper (Stonington, Maine 
046S1) all can provide extensive information on 
vessels of many tsipes and usually Iriclude^tne 
drawings and photographs, . 




^Objectines: , ' - 
To introduce students to a working" research lech- 
l}ique lo improve sludents' sense of North Atlantic 
fograph^r 

of tail photos and the map from the pocket, 
^^ erhead projector. - 
A l^ge wall space and ^9lacRboaf3^r"pdper~ 



set 



These photographs can be use^ to compile a sort 
of 'mug file* which !^ll identify each wh?ile where- 
ever it goes ijpf the world. 

As of 1982 o^ 2000 humpback whales were 
i^lentifted in tnis way by.tnen and women frt)m all 
over the western North Atlantic^ some.of whom 
have never spoken to each other. More than one 



,1^ 

Taeks or tape and string or yarn, scissors. 
A wirld atias may come in handy. 
You may wish tamake photocopies of the tail cards 
anq n;iap for .each group of 4-5 studenti 

Background for teachers: 

W is for whale*s^ail because (tie lajl of one species 
of whale; She 50 foot humpback, is very special lo 



marine js^^ieiunsiB. mi itvuipMuvi^ wij«im, - 
humpback wjiales as far as we know, carry a 



scieijtists. All humpback whales, and only 



^pattern 
side of 
your fir 



of black ^nd white markings on the under 
heir tJiijs.*It is as unique to each whale as 
gerprint is to you. These humpbacks, 





for a smalt n&e of the back just ahead of the 
1 fin and the htgh arch of ihe back before 
dives, also lift their tails straight out of the 
on deeper dives. Scientists have discovered 
. is not difficult to be in the right place at the 
lime and get a photograph of that pattern. 



"hundii3"people~we1re 
scientists some of the most reliable information on 
the migration patterns of -these, whales. It tells us 
much about the timing and the endpoints of migra- 
tions, but lillle so far about the pathways, between.. 

Qa me- Prepa rations: 

1. The tail photos are arranged in th&p6cket so that 
views of the same whales are together in, _ 
sequence. Review these before cutting the tail 
views apartso that you can anticipate the kind 

< of proble students will have with changes in"! 

scale ^inL ,.^|jective. The/trick fs to locate 
*^ specific pditerns or niarkings. Cut ihese or 
copies of ihern into small pholo 'cards of on^ tail . 
each making certain to'include the data below 
each tail as part of the catd. Have- on^ set for 
each t^(im. - 

2, Set Jpams of students upJ&^ca1rtogrLphers of the 
Northwest Atlantic. Teams of 4*5 are maximum. 
Each team should hav^a copy df rriap e^plarg^- ^ 
menis on the board o/ on poster paper * - 

Game Strategy: The obect is for each^ student in 
the role^of tetologist (whale scientist) Jlo*collabor , 
at^ vOith the pther researchers from art)und1he 
Atlantic and learn as much as they can about the 
mlgVation patterns of humpback whales. 

E^ach team Qf student^>witrdraw th^fr tail photos 
from a different container. One tail is suggested as 
a start. They then take their phol<^s and compare 
them around the team in' an attempt to mak^ as 
many matches as possible. Em'phasi:^^!^ th^jt the 
. whale was not sitting still for his portrait and did 
Viot always dive with the tail facing the camera at 
"the same angle* The researchers who first 
attempted this in fiar Harbor, Maine, at the ' 
College of th^ Atlantic,.still do thev/ork in the 
same way, b'Ut jpake their task much simpler by 
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calegons^ing the hundreds of thils in rou^h groups 
of shading patterns. When matching -sets is difficult, 
' enCDur3ge~students to-arraTTge rails fi-om mosiV 
light to mostlir dark down the table. 

Matched tails are pmned.pr 'taped simullaneously 
or) the enlarged map and joined by string and yarn, ^ 
Alternatively, ifialche/J taib may be color coded as 
dotb^ on the small tetter-sized maps. Trios and ^ 
quartets of matches are possible. 

FoUow-'Xtp Questions (and answers^ for 

the tocher) ^ 
l. ;Wiltany two photos ever give uou^the exact 

rhigrot^on^oute of a whale?..*No, but five or six 

might begin to give you an idea, * 

2 WhatpossibleWaycanyouthinkoftotelltheexact 
^ migration track?,.. Radio tracking with tiny radios 
_ ^ a'ncl aKt^nnae held pn by suction cups is just 
being worked out. Ships, planes, and satellites 
^ all used in this wo^k: 

3. Do matched photos always give you fhetime of the 
™=trip bt!lweerrplac(is?.'7rNor-but-i?0U^i9ur^ rt 
whale's traveling &peed between two and six^ 
miles per hour you can figure out which trips 
Were almost direct runs. " ^^ 

A Did you notice the regular patterns of evenly 
spaced scratches on any tails? What do. you 
thmk did t^hat?„.As it turns out, the spacing 
between the scratches corresponds pretty well 
lo the tooth Spacing of killer whales. Perhaps 
,_they lest some whales more often than others to 
see if they are weak and can be eaten. No one^ 
knoiVs for sure. 

5. Dud you see some very round marks on a few tails 
and some white clusters hear the lips o." most? 
What do yo\i think these are?„,A very particular 
barnacle of the genus group Cornu/os lodges in 
the whale's tail s> "vhen it is a tiny wormtike 
larva and as it grows to its adult round barnacle 
shape it secretes a material that encourages^ the 
whalers skin to grow up through the parts of thje 
barrmcle's shelly thereby tricking the whale into 
hangtn^ on the shell and saving the barnacle 
That^energy. ^ 

6l If you number your tpatched tails in order of the 
^ dates ort th^photos what does this jell you 
about the direction of travel of thewhale? Be 
careful aboCit makiog iiasty assumptioi^s* ^ 

t Why do you suppose whales migrate? .From what 
we can jell, the ox^en rich (remember 

' Concentrate m colder water) northern water 
which supports much more fish life provides 
mQ?t of the food for the whole year.. The hump- 
b&ks go south to deliver their calves in warm 

"water and get some fat on them before bringing 
them; north. t ^ 

8. Prom what yoy see of sorpe whales in the same 
* place year after year^ do yoii think whales have 
^'hpme"'^ places?. What would make a jilace home 



to' a whale?... Apparently^ yes and food type, 
temperature r^nge ^md family groiJpmgs seem to 
make a home efforts. - 
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Whale Resources 

(Vha/es on IVftee/s, Write or^phone Marion.Kane, 
^liegroHhrAtlamfcr BarHarborr Main e 04609.-^-^ 
207-288-5015. This is an extraordinary reconstruc- . 
tion of a Mjjike whale skeleton.by_children then\- . 
selves uncre^ the expert guidance of COA college 
staff and_ students/ An excellent fpltowrup to the 
slide show. ^ 

The Whale Slide Show. Dr. Steve Katona.of the 
College of the AtlantiCi has devel9ped ^ fine slide/ 
tape program, slightly technical but well nanraied. ' 
45 minutes or 11^ hours, ^iew edition in progress. 
Rental cost: $12.00 Allied Whale, College of the . . 
Atlantic, Bar Harbor, ME 04609. 

A Field Guide to the Whaks.and Seals o/_fhe__. 
Gulf of l^o'ne by Dr. Steve Katona and Dr, David 
Richardson fs the best and most available summary 
of species, basic biology, and field marks,. Clear, 
accurate illustrations and a. very readable text.. 
<:ost: $5.50 from Allied ^hale, College of the. 
Atlantic, Bar H^rborj^ ME 04609. _ 

Ther^ are numerous whale books in the popular 
and technical literature, but not many curriculum 
guides. The most comprehensive single source - 
book available js called The lV^d/e6oofrand 
includes excellent audio visual listir^s and biblio'^, 
graphies.as well as teacher resources. The best of 

political material alse* , 

- - " - - - . ■ > 
The HTia/ebootby: the Center for Aqjiion.on 
Endangered Species, Inc.>175 W. Main Street, 
AijggjMAand, ibtished by the i^ate Protection 
Funlls Center for EnvironmentEflESucatlon, 2101 
Street, N.W., Washington^^D^C, 20037. - ^ , 

A copy of the latest whale tail catalog printed by 
the Allied Whale of the College of the Atlantic is 
available for aljout ten dollars Jt Includes a . 
discussion of the problems with this kind of , 
research. The tail photos usedan Jhis a ivity were 
based on thfe catalog. Data location were- - 
slightly altered tcrmakexesults more specific ..^^ 
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These souncf'Jike horribly scientinc terms, but don't 
let them scare you awayl Xanthophyll is the 
pigment in certain seaweeds *hat makes them a 
. brown color. Som^^aiv^eds contain mostly 
' chforophy// and 9re green in colorj hervceare Called 
^. the Green Seawied j^'oup. Sea lettuce a good 
example. Other s&aiveeds contain mostly a reddish 
plgmejit called phycoeryfhnn and form the Red 
Seaiveed group. Twojwell-known red seaweeds arc 
Irish Moss and Dulse.' Yet another group, the blue 
green algae contain the pigment pyncocyonin and 
finally ^ come back to the ^jrown .'^aiveed group p 
containing xonthophyU The common rockweed 
. and bladder wrack which g^ow so aljurdarHly on 
the rocks f^long oUr coasts aFe good examples of 
brown seaweeds. ^ ^ ^ 

The Northern New England N!arine£ducation 
^ ProjeclJias avd Mean instructional unit on 
seaweeds. Some ideas fippn) the seaweeds unit on' 
food preparation are gjveaTjelow. 




Seawfied Cookery: 

* Irish^ioss pudding or l^Ianc Mange: 

""fl/flfic Man^e,! ' , ■ , 

1/2 cup packed /rish moss ^ ^ . ^ 
■ I^Wer mik 

pinch o/'sa/f 
any fruit or flavor 
' -cheesec/ofh 

Wash the algae several times in frei^h water. Heat 
milk and Irish moss ip a double boiler. Cook over 
boiling water (or about 30 minutes, not morCj 
stirring occasionally. Strain through cheesecloth 
^nd discard the i:ish moss. Add sugar and salt to 
ihe milk and allow-to partially cool. Any fruit or 
flavoring should be added as it begins to thicken. 
(Suggested: Blueberries^ raspbenriesj almond 
flavoring or honey.) Pbur into molds and chill in 
refrigerator for several hour.s. Can be served with 
cream. 

B/anc Monge 11 . 

1/3 cup Irish moss ' ^ 
1 qL milk 

1/4 tsp, salt ^ \ 

Ji^/sp, vanilla 

Soak moss ISUninutes in cold water to cover^ drain 
and.pick over. Acid milk* Cook in d* Me boiler 30 
minutes. The miJk will seem only sH^Jitly thickened, 
hv* if cooked longer the blanc mange will be too 
stiff. Add salt, strain, flavor and restrain. Fill 
indiytduaf molds previously dipped in cold water^ 
Chill. Turn molds onto a glass dish and surround 
ivith tVim slices of banana and place a slice on each 
mold. Serve with sugcir and cream. 

Seaweed Sweet 
4 cups of rinQs cut from fresh kelp 
3/4 cup of white wnegar 
2J4 cups su^r 
1 I isp, wh(3e cloves . J - 

I tsp. mixed p\cklinq spice 

Remove the oute^ skin of kfelp ivith vegetable 
peeler and slice Into thin rings or c^i into long 
strips and then into rectangles. Suc!c the cut kelp 



in fresh water for 3 d^^ys, char^9ins^he water 
several times a dfiy to^remove the bitter tasting^ 
salts. Place the spiccs in a cheesecloth bag and 
place in simmering vinegar and sugar for five 
minutes. Remove the spices and pour the hot 
tiyrup over the sliced ketp. Let stand over night. 
Next day drain off syrup, heat to boiling and pour 
over kelp again. Let stand over night. Ot\ the 
following day (sixth) remove syrup and heat to 
boiling. Place ketp slices into jarb, cover with 
boiling syrup and seal, or store the pickles in a 
covered crock.'For dill seasoned pickles, handle 
the kelp in the sime manner, but substitute your 
favorite dilling pjrocess for the above syrup. 

While -^*e are on the subject of color, we could 
branch off a bit here and say that X is also for 
Xiphios (the Latin word for swordfish) and talk 
about coloration in fish. Coloring In organisms in 
the natural world generally serves two purposes: 
species recognition and protection. Your students 
should be able to come up with examples of each. 
ElementaVy students might like to locate pictures in 
magazines which illustrate brightly colored tropical 
fish (an adaptation for species recognition useful in 
schooling) and fish who are colored to blend in with 
their surroundings. A simple demonstration that 
can done with both elementary^and secondary 



students to teach ai 
fish follows^ 



lit proleotive coloration in 



If you can get alive tlounder, 'great. If not, make, 
or have a student make, a realistic rnodel of one. A 
{ flounder usually lies ot\ the bottom, sometimes 
partly buried,' in the sand or mud. If you have 
access to a live flounder, try placing it in an 
aquarium or dish pan of seawater with difrerent" 
kinds of bottom sediment: mud, light color^ sand, 
dark colored ^and, mutti colorec;! rocks. Observe 
the changes in the flounder's coloration on each of 
these substrates over a period of a couple of 
hours. Or use your model to show what happens, 
wrap the "flounder*' with paper colored to match 
the "bottom" of your imaginary ocean. The 
flounder, then, is somewhat tike a chameleon; li 
changes shade and markings to better blend with 
Its surroundings. . 

Next* holdihe flounder or the model above the 
heads of your stuiilents so that they mufiLJbok up 
into the light to see it. A flounder is lighj^raored 
below* so that on the occasions when^ifis 
swimming hearer the surface* it will blend in better 
with theiighted "surface and will be better 

protected from predators looking up at it from ^ 
below. u 



X is for YacHt Race: ' ,.fvV 
if A Navigational Game 



There areji^any games which simulate the racing 
of vessels. This valuation is one of the simplest. It 
was designed to help students use bearings and 
lines of position to nagivate across the Gulf of 
Maine. Students first need a demonstration of how 
to read a 360 degree protractor hy placing the 0^ 
degree mark on one of the north south lines of 
^ longitude also called meridians. 

If the bearing is 60 degrees or 060 (all iiautical 
bearings are .given three digits), the vessel is 60 
degrees clockwise from north. When positions are 
expressed,. they are the points on a line drawn 
from the center of the protractor through the 
correct angle posittoi on the edjc of the protractor 
anct outward away from the proractor. 

In this game players wilt be given npporiunities to 
determme the bearing of their voyage for each turn 



ERLC 



by spinning a spinner arrow attached to a card- 
boaid protractor. They Jwill then "sail" to the 
nearest * .^rldian along their bearing. When they 
have deterniinedthe ending place for_tSeir turn 
they will log th^ir position in longitude, latitude and 
the current time in navigator's or 24-hour time. If 
the time is 8^25 a.m., the t^vlgator^s time is 0825. 
Times after noon are "12 plus** the regular time/as 
1:25 p.m. is 1325. Student logs should have 
headings as illustrated betow. 



Example Log 



Name 



turn 


, time 


ion^itude 


latitude 
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If you use the Yacht Race Chart provided in the 
pockei, each turn will take players approximate^ | 
degree of latitude or 60 nautical ^iles. To make the 
game playable, the chart should be enlarged by 
making the copy ftom the pocket into an overhead 
transparency. Then it may be traced by students 
as an enlargement from the overhead projector 
onto shelf paper. One large chart is sufficient for a 
te^m of four to six players. If you wish to order 
**re^l" navigator's charts^ the ideal choice for this 
gati^e chart No. 13006 (West Quoddy Head to New 



York).1Chart prices vary, order a current price list 
and chart catalog from: 

Distribution Division 
National Ocean Survey 
Riverdate, Maryland 20840 
Phone 301-436-6990 ^ 

With *'real" charts you will need to assign your owrfc 



rules for distance traveled in a turn 

Play moves around the chart table^ clockwise. Each 
player spins the protractor spinner to find the 
bearing an d^ then locates the bearing on thexhart 
and jjnalbjjirjdg whe^^ t he bearing inter sect s the 
^osest meriBian. EactTpl^^erlhen Iogs"^fifs7fi^ 
position and play proceeds to the next player. &ich 
group chases its own, course^ for fixarnple ' I 
PorttaiWj Maine to Yarmouth, Nova Scotia/ The 
first player to reach th^ destination \wns. The 
protractor pinner^imula:es the wind^nd is 
random so players often w:ll ^ail in cfrc/^. If a 
^'spin** bearing would require a player to move 
his/her vessel across land (islands may be in the 
w£^y), they simply j.tay put and re-log their previous 
turn's position. 

The Yacht Race charti protractor spinner and 
an'ow face and cardboand course protractor plotter 
face are provided in the pocket. Spinner and ^ 
plotter need to be reinforced with cardboard. 

You may wish to purchase dear plastic protractors 
for this game. One supplier is: 



C-Thru Ruler Company 
6 Britton Road 
Bloomfieldj Connecticut 



Model M), 




is for Zones 
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In general, a zone is any tegion or area jespecially 
set off by some boundry. When opplying this term 
to the Ct^aslone can sometimes see'th^e different 
zones by exarnming the various plants and animals, 
and^their vertical distribution. These zones, some^ 
times referred to a$ regions or bands, develop from 
the varying environmental conditions present in the 
area. Some of these zones have been given names 
according to the most dominant organisms found 



in them. In these NNEMEP units v^e wit! commonly 
u^e littoral zone names. Littoral ts from the Latin 
word for beach,^and has historically been used to 
mean the upper part of the dontinentaf shelf. There 
is no single set of zoneation names which are 
recognizable as best. We have selected the 
following names for the regions or zones on the 
rocky surf^tces exposed between the tides; supra 
Httoral zone^ Httoral zone, midlittoral zone and" 
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sublittoral zone. Once you become familiar wilh 
these zones and the organisms within, you ind 
your class may wish to apply your own zone .amos 
to the rocky shores as^well as the bandy shore, 
shingle (or pebble) sHore, and the muddy shore. 

Your study of marine animals will basicallu/take 
place in the intertidal region, which is \hm part of 
the shore found between the highest and towesf jof 
spring tides. This region includes the littoral and 
> midlittor^ zones. The supralittoral zone extends 
above this re^n and the sublittoral is found below 



SopraUttof^i Zone 

The supralittoral zone, which is sometimes called^ 
the upper shore, includias a splash zone at the 
upper limit which occasionally gets wet from the 
sea, spray. If the area is bare rock, orange or green 
lichens may grow here which are easily seen. If yOu 
use a hiind l^ns. you will dlr^over that a lichen is 
made up of two microscopic organisms which help 
one another, or have a symbiotic relationship. On^ 
is a green algae which provides food for the lichen 
wf\ile the other is a fungus which absorbs water 
and provides a substrate. Thejx^ are also oitferent * 
types of pbnts and shrubs which inhabit the part of 
the sptasK zone which has a modicum of soil. 
Mosse^, beach peas, rugpsa roses and glasswort 
arp alevv e?iamples of these plants. Mostly land 
dvysfliv^S creatures are found in this ar&a such as 
spiders, pill bugs and Pther isopods, terrestrial 
mites, and certain kinds of snails. ^ 

Littoral Zone 

The wext rocky shore zone is the littoral zone, a'so - 
callc^ the black zorte^It is in this area that we find 
rock^ covered with a very thin mat of microscopic 
btue^green algae, which, when coficentr^ited or 
damPf make the rock appear black or dark gr^en. 
Animals of this zone are marine speci<^s th^t can 
breath air or at least spend some ^me out of the 
water, and arc capable of maintaininci a ceirta'n 
^mount of moisture in and around their bodies. 
One such inhabitant is the rough periwinkle, 
Uttor'ma saxa/ifis, vyhich has distinct whorls in its 
shell and is iight^^y in color. 

PerivJtnklesrflave trap; doors calied opercula which 
when closed,-trap moisture in and reduce the 
drying out effects of^the sun Jnd extreme tempera- 
turer This enables periwinkles to travel upward into 
the supralittoral zop&as well as dovm into the 
midllttoral zone. The limpfet, commonly called 
Chinaman's hat, is sotnetim^es found in this zone. 
However, this anima) preserves its moisture by 
using a strong muscular foot to adhere to the 
rocks* Both periwinkles and limpets obtain food by 
scraping btue-cjreenandSieen algae from the rocks 
with scraperlike tongues called radulae. Limpets, 
like perwtnkles, £ire also found in the iiext zone 
called the liiidtittoral zone or the middle shore. 
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Midllttoral Zone 

In the upper part of the midlittorat zone, some- 
times referred to as the bornocte zone» barnacles 
grow in such heavy concentration that they create 
a white uniform band. Another species of barnacle 
usually grows below this band in heavy brownish- 
yellow concentrations. The only time that you can 
clearly see part of the barnacle animal is under- 
water at high tide when the shell opens and its six 
pairs of lacy legs come out to capture: food and 
oxygen. During March and ApriK the larval forms 
of these animals are swimming in the sea to find a 
suitable area for growing. After attaching them- 
— selijes to rockSj the^ phange their body form to 
become adult barnacl|£>. Although it is difficult to 
tell barnacles are arthropods or crustacean? like 
bbsters and crabs. Because of where they live, 
however, barnacles need to be able to adapt to 
adverse weather conditions. Their conical shells 
and strong cement enable ihenr. to withstand tons 
of pressure from the waves. They also cbse their 
doors so securely that they f.an stay alive for long ^ 
periods of time exposed to the extreme cold o( 
winter cr the baking hot sun of summer. 

The roving bandit of the high end of the midllttoral al 
zone is tht; dogwhelk. This carnivorous and at 
times cannabalistic organism is about the size of a 
common periwinkle, but the shape is somewhat 
pointed Turning this creature over on th^ foot side 
a noticeable groove is found around the bpercula 
(trap door) regipn. This accommodates a tubular 
structure called a proboscis which is inserted 
through a tinyJhole that it drills into barnacles or 
blue mussels. The dogwhelk, like the periwinkle, 
has a foothlik€i radula but it is better adapted for 
drilling holes than that of the periwinkle. It also 
releases a chemical enzyme to spften the shell of 
its prey which greatly aids the^illing. M^ny shells 
of dead whelks have these perfectly round holes 
drilled in them because they have ^been eaten by 
others of their own kind. 

Besides having a pointed spire, a dogwhelk can be 
distinguished from, a periwinkle by the shape oi its 
opei^culuTT. The dogwhelk has an oval shaped 
operculum whereas that of the periwinkle is round. 
The color of the dogwhelk shell, which, varies from 
all white to a pattern created by bands of bro^vn 
and tan* seems ^ be determined by what the, 
whelk eats. In late spring and summer^y6u.may' 
dispovep the conical eggs of the whelk whicth are 
tai4 in clusters in rock crevices or on4he base of 
s^weeds. 

Also in this barnacle sub^one Is a limpet. This 
gastropod or one shelled^ one-footed »aoHusk is - 
planktonic when young, and like the oarnacle, 
a5sumes a conicd shape when it becomes a settled 
^dult. Its resemblance to the barnacle, how^r, 
stops at this point. The low contoyr of the mipet's 
shell and its flattened broad shape makes this 
animal very well adapted to a wave-washed fone. 
The limpet has a very large fleshy foot under the 



shell which is easily seen when the animal is 
attached to the wall of an aquarium. By using its 
fooU the limpet attaches itself to rocks and moves 
about when grazing on algae which is its primary 
food. 

We also Pnd small juvenile or adutt blue mussels in 
dark crevices, of the rocks. If the area is optimum 
for growthj mussels will grow tn.a distinct horizon^ 
tat band* Mussels are related to other two shelled 
organisms, called bivalves, although the foot is very 
much r^uced. The common name of this animal 
comes from the fact that It is generally covered by 
deep violet to blue^black colored skin. This horny 
layer of protein often wears off when the anftanal 
dies exposing the light colored shell beneatKTOne 
peculiarity of the mussel iss that it has byssal 
threads, resembling a threadlike beard, which it 
uses to attach itself to rock pilings and small 
stones. Since these protein fibers may be ma(!e or 
absorbed at will, mussels may move from one area 
to another. These byssc! threads also provide 
shelter for small crustaceans and worms. 

One kind of crustacean found among these ^ 
threads, an^mphipod calhd Hyak mussoniiihe 
sea scud), is orange, lias a body connpressed on 
the sideSf has smuW black eyes and usually hops 
when touched. Small round worms called 
hemotodes, segmented worms called oligochaetes, 
and ribbon worms may also be foimd among the 
byssal threads, 

Perwinkles may also be found in this part of the 
zone^ sometimes growing so abundantly that they 
form a narrow band. Other forms of life may wash 
up into this region and some of those listed above 
may be completely absent depending on the area, 
the exposure to wav6 action, and the slope of the 
beach. 

As we move further down the midlittoral zone, we , 
come to a part called the r€K^kweed zone. This 
7onG IS dominated by two types of brown af^ae — 
bladder wracK or rockweed ^nd knotted wrack* 
Rockweed is olive ^reen to dark green, regularly 
branched, and has a tough leathery body. The 
branches may be somewhat spiriting and usually 
have paired air bladders with a central structure or 
:nid-rib rgnning dowo the length of the body- 
Reproductive stri*ctures may also be found at the 
'tips of the plants from late spring th^riugh summer. 
Although rockweed, fike all seaweeds, has no true 
roots, stems of leaves, it has a stem-like structure 
called a stipe and wot^like structure used for 
attc^chment called a holdfast. 

Iritermingled with the bladder wrack, and aPt^earins 
lower down in the rockweed zone i$ the knotted 
wracl>. This seaweed, which is a perennial, is more 
string ^, very tough and is olive green to yellow 
brown In color. It, too, has small arr sacs along the 
length of its branches which aid In flotation. How^ 
ever, fn contrast to bladder wracl<, knotted wrack 
has no mki^rib and the ho]dfast is disc shaped and 
very smalf. 



Because the rockweed zone has mucK seaweed 
whicli retains moisture when the tide is out» many 
animals find protection here. LookirYg carefully ' 
under the seaweed^ you may find green crabs, 
limpets, penwinkles, snails, beach hoppers, blue 
mussels, dogwhetks, scaleworms^ barnacles, and 
occasionally sandworms. Hydroids^ Hydractinina 
ecWna/a, which may be fo^nd growing on 
seaweed, discarded periwinltle shells or moon like 
snail sheils inhabited by hermit crabs» are also 
found in this zone. Some hydroids^ which resemble 
plants more than animals, grow in branches with 
the ends of their polyps equipped with flower like 
pink and red tentades. 

Another animaUoum in this zone is the coiled 
tube worm or Sptrobk Although this animal super- 
ficially resembles a barnacle, jf you examine it more 
closely you will discover that it has a white coiled 
shell made of calcium. When the tube worm ts 
under water it relaxes apd its tentacles niay be 
seen. But, when disti^^-bed or out of water, it closes 
off its tube with an airtight operculum. When tube 
worms appear on rockweed^ they give il: a white 
spotted appearance. Some may also be found on 
rocks, on the shells of snails, and on crabs. You 
will notice that some kinds of tube worms have 
coils which form fn a ieft-handed pattern, and 
others have coils that develop in a right handed 
swirL The individual shell palttern of a tube worm, 
along with its preference for habitat, determines 
what species each one belongs to. Tubeworms also 
have an interesting reproduction and larval deve^ 
lopment. They breed their young in an egg sac 
inside their shell which hatch out after a month or 
so. This usually occurs in June or July during the 
full moon^ af which time the pin, ciliated larval 
forms swim to the surface waters and search /or 
adult populations. When they find a suitable 
habitat, they spin a calcium tube to live in within 
twenty-four hours. 

The lowest levd of the midlittoral zone is called the 
red ol^ae or hlsh moss zone. These algae are 
usually found on seashores exposed to the open 
ocean and offer a living environment for creatures 
not found in the other zones. Irish moss is a 
perennial seaweed which grows in dense colonies^ 
on rocks seen at low tide or sometimes in twenty 
or more feet of water. The color of this plant may 
vary from bleached out white to ycllow^reen or 
even a pinkish green. Although its primary red 
pigm,ent may be masked by other pigments to give 
it a slightly different hue, Irish moss is still 
considered a red al^ae. It is bushy, double- 
branched^ l>as many blades which become very . 
slender to^.Liiii the holdfast^ and is usually from 
sev^n to fifteen centimeters in length. Around ff& 
holdfast you may find scale worms>, round worms^ 
and little amphipods as well as smalt blue mussels 
and periwinkles. 

There are many ether species of red algae growing 
in this zone. Coralline algae is one of these, and 
this, algae can take two different shapes; as an, ^ 




encrusttns plant on rocks, ^ving them a reddish 
<.olor, or as a stony plant that grows uprighl (from 
5 to 10 centimeters) in the lower midlittoral ^one. 
Another kind is laver, aver^ thin, reddish brown 
Icalheii, marigt ^Igae that resembles the green bea 
lettuce, UlvQ^hQ sea lettuce can be found in tide 
pools higher up in this 2one, and the laver can be 
found growing on large, co^be rockweeds and 
kelps. 

Another red dyae, ^.alled dul&e, growb with btadeb 
^xt^nding up to fifty centimeters with an. average of 
about tweijly centimeters. When dulse is wet^ it 
feels slippery and has a ^ery toughs leathery 
texture. It may be found on other plants, rocks or 
even on mussels. 

Further down the red algae zone, you may find 
other fbims of plant and animal life in crevices, 
overhangs or isolattid ^^ools. One organism is the 
cpurnb of bread sponge, which filters sea water 
through its porous body fo obtain plankton. 
Another animal yOu mai^ discover is the green sea 
urchin which may be distinguished by its globular 
shape and its blunt spines. The urchin's mouth is 
located on its bottom side, and, by turning it over, 
you may observe how it chews. Its beak like jaws 
d'^e used to obtain food by scraping alfjae off rocks 
as it moves along on its tube feet. If you look in the 
upper shore ^one you may find pieces of the sea 
urchin shell found here because they have been 
dropped b^ gulls who do so to feed on the inside 
flesh. You may find its whole skeleton called a test 
or part of its mouth supportive str .^ure called 
Aristotle'^s lantern. By observing th * shell and the 
structure of the urchin you will discover the sym 
metry of its design. 



Starfbh may also be found in this 2one. These 
animals have tough skin^ af\d like the sea urchins* 
have spines and tube feet. The common starfish is 
usually distinguished by its green or blackish -green 
color. The northern starfi&h also has five arm&,but 
there are no definite lines on top of them. Also,, its 
body is not as firm as the other starfish. The 
lavender starfish and the purple starfish are other 
names for this organism. 

Other less commonly found starfish are the brittle 
star, sometimes called daisy star, and the blood 
star. The brittle star is» as its name implies, quite 
fragile and is recognized by'its serpentine rays 
which may be seen ground the rocks where it 
seeks protection. The blood star is crimson red 
] and resembles the commote starfish except that its 
tube feet are not as conspicuous and only occur in 
rows of two instead of in rows of four. 

An interesting characteristic of starfish which you 
fnay observe in an aquarium is their strange 
feeding behavior. The starfish usually feeds in a 
humped up fashion with its legs wrapped around a 
soft shell clam or a muss^i. Using. suction^ it 
atlach;es itself firmly to the two shfstis with its tube 
feet and pulls the shell apart by exerting continual 
pressure. With the help of muscle relaxants that 
the starfish releases into the water, the mollusk 
tires and t^ie shell is. partially opened. The starfish 
!hen turns its stomach through its mouth and 
digests the soft body parts of its victim internally, 
Ali ihat is left after this feeding is^an empty shell 
partly opened. Another interesting characteristic 
that may be noted if you observe starfish over a 
period of time is their ability to regenetate rays. 
Part of the central circle'around the mouth mus^t 



be present for this lo occur. 

Near or below the low t^de mark in the midlittorol 
zone, one^may find several types of sea anemones. 
One of these is a flowering anemone whose body 
consists of a stem-like sylindrical body with petal- 
like tentactesrWhen the anemone is relaxed and 
covered by water, its tentacles extend, enabling it 
to capture minute life forms such as plankton. 
, These tentacles have special stinging cells armed 
with a toxin .which paralyzes the prey^ although 
they are harmless to people. If the anemone is 
disturbed, it withdraws its tentacles into its body. 

Another mollusk of this zone is the chiton. Ltke the 
limpet, it has tx very muscular foot and feeds on 
microscopic vegetation. However, it is unmistak- 
ably different because it has a shell composed of 
eight overlapping plates. 



Sublittoral Zone 

The last rocky shore zone is called the sublittoral 
OTlaminarian zone. The upper limit of this area is _ 
■uncovered only in extreme tidai conditions and the 
lower limit, which is sometimes called the scu'ba 
zone, is never uncovp ted. A lthough, tnr the most 
part, the flora and fauna of this zone are under \ 
waterj you may observe several kinds of kelp or 
laminarian seaweed from the surface. Orie of these 
kelps resembles the finders of a large hand and 
another looks like a <;ery bng ribbon. Since the 
plants and animals living here are irequently sub 
jected to the pounding of waves at the top of the 
zone, they must be well attached. Tlie kelps have 
holdfasts which strongly hold them in one place. 

The alternative shore types where you may find 
animal and plant life are the sandy shore and the 
mudftat. A shingle or pebble beach offers very little 
security for either plant or animal life because of 
the grinding action of tumbfing stones. 



Art Activities 

This group of ^'vities was devebped to allow the 
students to express themselves creatively through 
the use of basic materials found at the sHore and" 
brought to the classroom^ U ^s also intended to be 
used in confuncffon with o/her marine !edminQ 
experrences. These activities may be used 
separately \iOhenever art is called for in your curri- 
culum. It is recommended that the activities be 
incorporated intod total unit, such as "The Rocky 
. Shore/' or coordinated with the reading of a book 

in collecttng materials to be used in these arts and 
crafts activities, emphasize that students should 
collect no more triaterial than they Will need to 
complete the activities. The only material the 
stuic^ejits shouldrbe encouraged.fo collect an excess 
of ia^beach trash. ■ 



Basic Materials . 

Bdow are some of the materials you wilt need. 
Except foL the materials collected at the beach, 
most of them are available in hobby and art supply 
stores. Think ahead, collect in the summer and fall* 

Shel/s — a wide variety of shapes and colors 

Dvftwoof^ - a variety of shapes and sizes 

B^ach vegetation 

Beach Glass — fragments of glass that have been 
made smpoth by wave and sand action 

Pebb/es, Stmes, and RocSs — a variety of cobrs* 
si£;es, and shap>es 

Adhesiues — wWte glue (such as Elmer's Glue-All), 
rubber cement, school paste, household cement 
(such as Duco}, epoxy. etc. ^ 

Pain/brushes — several sizes 

Paper-- constructbn paper, newsprint, aluminum 
foil, tissue, oaktag. rice paper, paper, cardboard, 
poster board " ^ ^ 

Drawirig and Painting SuppSes - crayons, chalk, 
charcoal, pastels, pencils, tempera paints 

Cutting tools scfssCfSp piper cutter, ut iity knife, 
wire-cutters 

Spray Shellac ana vgrn ish 
Ptaster of Paris 

String, heavy thready wire, yarn^^shing line, dental 
floss 

Fabric scraps, fell, pipe cleaners, etc. 



Seashore BuUettn Board 

Materials 

shelf or blank newsprint paper 
white glue f 
- construction papep 
felt tip markers 

Direcrions 

After returning from a field trip for whoje class or . 
small group,^i3en da clasjs se ggidn grouping all the 
dry and" non+smellylnaterialscollected into the 
zones they represent.. Assign ^eams to asserpblea 
collage of materials for each zojie. Construct the 
class poster or mural so that each task t^ann 
receives their section and decorates it to tell the 
story of their zone. For a variation, you jti^v want 
groups or indivicjual students write A paragraph 
about thetr reflections on. each zoh^ *£his can be 
especially interesting if they write their slory as an 
explanation of their groUp effort but with each 
student writing about a different organism. This 
tcombinatbn of writing and art snakes 2oi^e learning 
come alive. . . * ^ * ^ ; 
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Seashore Rubbing 

Materials 

flexiWc paper such as tict^ paper or special rubbing 
paper 

dark crayons or graphite jsticks 

clip boards or other portable working surfaces 

Directions 

There are many marine items which may be too 
prone to decay for your students to bring them 
bact^ to the classroom. Such items ^ sea weed 
(al^ae), dead crabs and other hard or semihard 
materials may become pictures without drawing. 
Place the item to be rubbed orj a firm, flat surface, 
Mold the rubbing paper gently to fit the curves of 
the item being rubbed* Rub slowly with the crayon 




\ r^. .-.:-\^ 

oraraphjte stick only on the parts that project 
from the background surface. Cobrs may be 
chosen to correspond to the natural, living color of 
the organism being rubbed, You may. want to use 
rubbings as a way to enh?mce a shore bulletin 
board, or you may want your class to make book- 
'e's describing sea life of interest to them with a 
rubbing as an illustration for each organism. If you 
want to spend a little more for materials, kits of ^ 
rubbing crayons and rubbing papers are available 
froip art supply shops. 



Shell Printing 

Materials 

a variety gf shells (works best with sand dollars 

and other ^af shells) 

newsprint 

paintbrushes^ wide, stiff ^ 
non-toxic paints, water solu&le on/y 
newspaper 

Directions 

1. Cover the work area with newspaper. 

2. Choose several interesting shells you wish to print" 
with. Plan a design. 

3. Usin5 a paintbrush, cover the shell evenly with 
paint* 

4. Place the shell on the newspaper and gently press 
the newsprint down on the shelL.Rub back and 
forth gently unfil the impression of the shell is on 
the paper. Repeat this step with the other shells. 

5. Let the finished paint dry. 
Variations 

1. Cut out the prints and nrrount them on a con- 
. tiBSting piece of paper. 

2- Combine shell printing with painting, or include 
shell prints as part of a collage. 



Driftwood Sculpture* 

Materials 

driftwood, in a vatjely of shapes 
shells, pebbles, dried beach grass 
glue - 

DIrectbns 

1. Find a piece of driftwood that resembles an animal. 

2. Add decorative touches so that It resembles the 
. animal even more, 

Variations — Natural Driftwood Sculpture 
Select an unusual piece of driftwood, Glue? pebbles, 
shells, and beach grass f6 It In an artistically pleasing 
manner, 

*Can 6e used u;«/i un/f ori NafiW ^mencons or 
Careers m crafts. . . - . - . _ • 
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Pressed Vegetation Collase* 

Materials 

leaves, heich grasSp seaside flowerSp etc. 
tissues ' 
tweezers 
toothpicks 

white gtue \ 
heavy poster board 

large book such as telephone directory, catalogueor 
dictbhary 

Directions ■ ^ 

1. To prepare the vegetation for drying and pVessing, 
place it between two pWces of newspaper. Make 
sure the vegetation is flat. 

2. Place the newspaper and vegetation between tWp 
large books for about a montl?, orpressin a plant^ 
press for 4-6 days. (Steps 1 & 2^ should be accom- 
plished by the teacher before beginning the project 

■ with the^lass.) 

3. Carefully remove the pressed and dri^ vegetation 
from the book and arrange it m ^ design on the 
posterboard. / 

4. Using tweezers, caiefu!^ pack up the veaetatton. 
With a toothpickp dot a small amount of white glue 
on the pressed material. Place the pressed 
materials on the poster board. 

VariatioTis ^ 

1. UsTng a picture framej glue the pressed material on 
the cardboard backing and cover with glue. 

2. Pressed vegetation may be glued gntp plain note 

paper, ■ . - , . 

■ ■ - ■ . . - - ■ 

3. Pressed vegetation may be ^lued onto flat pieces of 
driftwood or boards collected at the beach. 

4. Arrange leaves, grasses; etc* on a piece of white^ 
or colored, I?* si 18" drawing paper. Cover the 
paper anddecorationswith clear contact to make a ^ 
place mat, 

^U$e with unit on phnts. Use pTe$s&i plants to paste 
onto pictures studen/s draw. 



Sand Painting* 

Materials 
fine sand 
white glue 

oaktag or heavy cardboard 
water 

^mt brush 
pencil 

trays for sand 
bru$h and dustpan 

Directions 

1, With a pencil, lightly draw a single design on the 
oaktag or cardboard. 

2, Mix equal amounts of glue and water. 
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3. Paint a small portion of the design with the glue and 
water mixture and sprinkle sand on it. Shake off 
the extra sand.Contmueuntil the design is covered 
with sand. 

Variations 

L Use colored sartd. You may either purchase 
colored sand from^hobby supply store or make 
your own. To color sand, mix sand with acrylic 
paint and water and leave it to dry for several 
hours. Stirlhe drying sand occasionally to 
prevent lumps from forming. Food colors are 
goodfor coloring white Southern sand, which 
are often available from regular science supplies. 

2. Make a sand^painted mural. Everyone in the class 
could contribute one scene to a large picture. 

3. Lightly outline a d^ired shape with crayon in a 
styrofoam meal tray. Sand paint that design, or 
sand paint "free-hand" using the sand "discussed 
above, fer using colored aquarium gravel. Q-tips 
can be used to apply undiluted EfmeVs glue to 
the meat tray. Masking tape can be used to 
mount half a paper clip to the back of the tneal 
tray for use m hanging,^ " 

*Read q boofc.on a variety of seashore creafure,^. 

J Hand out . an outline of various cregtures and use 
for sand painting Thever^ use of beach sand /or 
paintings willgenerate mame^felated questions 

, and auwtreness. Therefore^ appf^/ the sand-painting _ 
activity to any curncutom area which is rn need 
an art activity. For exampte^ utilize for large block 

^ letter artd/oT nuivhei cards. 



Rocks and Pebbles*' 
Painted Rock 

f 

Materials 
, large rock 
tempera paints ■ " ■ 

spray shellac 
white slue 
paintbrushes . 

yam, feathers, string, pipe cleaners> felt, macaroni 

Directions ' ^ 

1. Wash a rock and^let it dry, 

2. Choose amarine creature and paint it on the rock. 
Vse one.color at a tiny>. Allow each color to dry 
thoroughly before using another. 

3. Whenthepaintisdry, spray therock creature with 
shellac and let it dry. . 

4. To make hafrp whiskerSp antennae, feet^ tails, ears^ 
tongues, etc, use feathers, yarn^ string, fell, pipe 
cleaners, small pebbles, etc. Be creative! 

*Use to r^infotce science unit on rocfcs dfjd 
minerals; foHou)\ng a field trip to the shore; after 
reading a twk on the rocky shore or vc^cono.es 
(or other earth scienc^^iype book). 



Name! 
Grades 
Date: . 



My critter is a 

My critter moves about 
My critter has 



My Special Critter 



A 



_ centimeters in 10 seconds, 
to help it mqve. It moves by 



My critter gets food by 



My critter looks like this (draw a picture) 



My Critter 



K I were my critter^ I wouW like to five in {or near) a 
Because 



As my critter taoks out at me it "thinks" "ihat I am 
Bcc^jj^e ^ — ; , , 
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Salar XJiiiz 



NAME _ 

1. The spawning ground Js called the. 

2, A fe*mate salmon lays 



eggs per pound of her weight 



3, 1 hatch and feed on th^ yolk sac. I atT\ i 

4. I look verjf much like a brooi? trout, I am ! 

5? The parr can be distinguished from the brook trout tiy jts 
6. I turn silver and swim to the ocean. I am a 



7. I have spawned in the river and spend the winter in a pool of the river* I am a, 

8. I return to the river and spawning ground after one year in the ocean, 1 am a ^ 

9. A ma/ure male salmon has a , -. ^ ^ lower jaw. 



10_ Threa filings that are bad for Solar are , _ 

11, Two ^ys of Catching salmon by conjmercial fishermen are 



12. Three waife to help Salar by management are 



/ 



.and 



. and" 



. and 



Salar Diagram 




adipose fm 
dorsal fin 
lateral line 
^gilt cover 
pectoral fit\ 



ventral fins 
anu$ 
anal fin 
csiudal fin 



Atlantic Salmon Worksheet 

^ Please answer the Tollowing questions- They arc multiple choice. Underline the correct answer 
l^>^The mouth of a river where^the tide mcfets thp current. 

a. breeding ground - ' ■ , ' 
' ^b^ **stuary ^ . ^ 

c, spawning area 

Atlantic salmon can return to the river - to spawn/ ' ^ * ^ 

a^ once ' , . * - ' 

0, twice 

c. several times - . " ' 

3. A salmon'' thai returns after one year is called a " ' 

b. alevin . - \ ' 

c. parr ■ , ^ 

' 4. TJie spawning area must contain ' " ' a - 

a, gravel bottom ^ / • - 

b, clay bctlom . , , ■ ' 

c, solid rock bodom ' , ' ^ 

^ A seriesof minute poresfurrtiing^i line runningalongeachside of thefish, the nerveen^dingsin the pores 
^ $ense disturbances in^the water. ^ 

' a. lenticel ■ . 

b. lateral line 

c. kelt ^ , . ^ . ' 

6. We can tcll'a lot about the life history of a salmon by an ex^mlnatiptl,of its 
- a. dorsal fin 

b/ gills , - . . ' , 

c. scales ' t * 

' 7 Anji of the thin fla]j hard r^ales covering many fish. ^ 

a. gills , • 

b. " atev^ns * . * 

■ , c- seated ' ' . ' " * 

" ^ 'ft ■ ^ . 

8. Fish ladders help Sainton to , - ^ 

a- migrate upstream - . . ^ 

t?. find food " 

c. spawn 

9. A process iawhir*^ a mas^ of eggs or sperm is emitted by a fish. 

, a. spawning" ' ' 

b. taggins ^ 

-c. scaling - ' 

10 fi^ hojg^hapair ofspawnlna[^^lmonwilllay3,000*20,000 eggs, only of their offspriny survive 

to spawn, ■-. ^ ' . ^ 

^ . a. ' . • ^ 



White Cap !sl£tnd, Maine 
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Descriptidn: White Cap Island is located 9 km from the mainland. It has a surface area of 500,000 sq. 
meters (approximately 125 acres). The island is crescent shaped. White Cap Island has a rolling 
topography ivith three hitis and steep slopes along its shoreline (see nriap). ^ 

Geology: The island is rnade up of surficial materials composed of reworked glacial drift. StJrfic^ 
deposits are important to man because they usually support the best ^ils on the islands, they are 
used for, house' foundations and sewJige disposal systems, and freshwater wells are^ore easify con: 

structed in unconsolidated surficial deposits tharx in bedrock. 

^ , " ■ . ■ 

The bedrock making up the island is a f»nk, coarse grained granite. This granite bedrock hd^ a high 
resistance to erosion and a moderate to high bearing Capacity. The unconsolidated s^tficiaf deposits 
have a low to moderate bearing capacity and very susceptible to erosion. The nsing sea level ts 
eroding these deposits. ^ , 

Shoreitne Types: The shoreline types along White Cap Island are pnmanly composed ol ledge. There 
are two gravell^eaches and one s^nd beach located at different points on the island. The major source 
of inaterials for these beaches Is sUrficial material eroding off the island. 

Rocky shores differ from sandy shores in that rock shorelines house many more organisms than sandy 
beaches. Most of the organisms on a rocky shoreline are either attached to the surface of the rocks, 
or are found under or in between the rocks. Sandy beaches constitute a ipore rapidly shifting 
substrate thr^n rock. Much of the life associated witf) a beach burrows into t^e sand and is not readily 
visible^ ' ' " ^ ^ 

Ground water Fresh water is an important factor influencing plant and animal habitation, h is available 
from precipitation (rain and snow^ttiat infiltrates the soil and migrates sk>wly downward, filling spaces 
between soil particles and minute openings in the joints and fractures in the bedrock. The water table 
is the upper surface the ^^tuirated zone. All water in this saturated zone is called grouncj water. 

The ground water table folfows the topography of the island, being higher under hills an^ lower under 
valleys. Its level at any on^ locality represents a balance between recharge from precipitation, and 
discharge from springs, seeps, and wells. The elevation of the water t^ble varies seasonally tn response 
to different amounts of precipitation (usually less than 3 meters). Because the water table is higher 
than' mean sea level, ther^ is an overall outward flow of ground water from an island (i.e. springs). 

Fresh water is less dense than^salt water and tends to float upon it. Analogous to an iceberg, a body of 
fresh vwater associated with art island is;nuch more extensive below sea level. Because th? fresh water 
fk>ws seaward, the interface between fresh water and ^It water is displaced seawardi It is this inter- 
face displacement that allows fresh * ater wells to be constructed only a few meters frotnhigh tide. 
Pril!:?^ wells too deep, or over pumping them, would cause salt water to rapidly intrude ^nd 
contaminate ^he fresh y)ater supply. j . - ^ ' 

Islands do not ha';e unlimited supplies of fresh water. The Supply is renewed on^y through precipitay 
iion. As a result, the available fresh water supply mtlst be developed and used wisely. It is best to / 
construct wells as fp baC^k from the shore as practicaf and to use them only for domestic purpos^. 
Once Suit water intrusion hrs occurred, a learjthy period of time may ^e required foirjiatural groynd 
water to ilow to flush the salt out. Perhaps [he most economical and reliable well sites on this island 
would either bo in the deep, permeable surfictdi deposits or where springs are found at a safe distance 
from the shore- 
'i ^ ^ 

Soil types. The following are the typesi of soil present on White Cap Island. Consult the map to find the 
actual tocafiojiof these soil types. ^ 

1. Moderately ^s^ildrai: *;d, greater than 150 cm to bedrock, area on top is gravelly loarpi/ sand- Surface 
stoniness ranges from non^stony to extremely stony. 

2. Cool damp land, less than SO cm to bedrock. The sandy loam is high in organic matter. 
3/' Area more than 90% of exposed bedrock. ^ 

, 4. Area more than SO%of exposed bedrock with th^remainingdrea being sandymaterialless than 25 cm 
^deep (to bedrock), ^ 

5. Very poorly drained or^aViic soils. Ler^s than 100 cm deep over the bedrock, 

6. These are cool, damp organic soils that have about 20 cm of organic matter over 5 cm of sandy. 
/materials on top of bedrr^Ji. 

7. This area is somewhat excessively drained. The gravelly loamy sand extends 100 to 150 cm till 
bedrock. The surface stonin6ss ranges from non stony to extremely stony, 

■\ ■ 



( 



Vegetation: The vegetation on While Cap ibiand i& dominated by a softwood (white spruce and red 
spruce) forest. This island can produce wood volumes sufficient to induce commercial harvesting given 
proper economic conditions. The spruce forest on the coastal islands has significant recreational and 
wood resource value and ?ndo\ws the island with a special scenic qualits/. 

In addition to the soflwood forest, (here are two small bogs on the island which are located in . 
depressions in the bedrock. These bogs are vegetated with mosses and ,/as^s. There are many small 
plants on this island not found on the adjacent mainland. This is due to the unique environmental 
conditions found on the island. 

Wildlife: The wildlife population on Wh.te Cap Island consists of white tailed deer, field mice, assorted 
insects, birds of.prey, seabirds (Cormorants, Terns, Herons, Leach's Petrels, Puffins^ Osprey, Bald 
Eagles, Ducks and Gulls), 

The vesetation cover and structure o( the island determine the best selection factors for the nesting 
species. The. cormorants have built semi permanent nests on the northeast shoreline of White Cap 
Island. Thederns are also located on the ledges, but they are at a fair distance from the cormorant 
colony, on the southeast coast of the island. The ducks nest in the shrubby area on the southern tip of 
the island, the gulls have chosen a grassy site adjacent to the ducks. The pufiins nest on the cliffs on 
the west shore of tlie island. Herons^ bald eagtes, and ospreys all nest in th^slartd's trees. The petrels 
nest m burrows dug into the ground on the northern side of the island vhe\e the sod is deep enough 
for burrowing. 

Scenic Value; White Cap bland haSj as all coastal islands have, a high scenic value. This island Is a 
prominent feature on the landscape of the region. It is visible from the mainland^ from the wal^r ftnd 
from other islands As *^ ' region is partially dependent on tourism as a source of income, it is in the 
best interests of the . that the isfand remain highly scenic. 
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Jasper Beach Geologic Map 
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Marine Units Order Blanks 



If you would like urder any of the units produced by the Northern New England Manne Education 
Project, please fi][ m (he following information^These unit^ are available to you at cost ($3,50 per unit), 
and the postage and handling fee is already induded. 

Make check payable to: University of Maine at Orono. Send checks for the exac* amount to. 

Northern New England Marine Education Project ^ 
206 Shibles Hall ' 
' University of Maine 

Orono, ME 04469*;: , " " ' ; " " 

iSof units - ^ . . 

^eqoested Unit tule 

; - Have You Been To The Shpre Before? 

What Adventures Can You Have In Wetlands, Lakes, Ponds, and Puddles? 

What Ss'Our Maritime Heritage? 

How Do People Use Lighthouses an<i Navigational Charts? , 

> Is C^r Food Future In the Sea? 



, Do You Know 0*ir Marine Hsh? ' ' . 

. .Do You Know Our Marhie Algae? > 

^ ^ What Are the ABC's of Marine Education? 

Totals of ■ 

Units Requested X $3,50 = 



Your Name 
Mailing Address 



Street or P.O. Box 



(Village) 



^ (State) P/ease prepai; and <A\ou) 4 week$ for deitvery. i^^PJ 

Make check payable- to. University of Maine at Orono. Send checks for the exact amount to: 

Northern New England Marine Education Project 
2Q6 Shibles Hail 
University of Maine 
Orono, ME 04469 ^ 

U of units 

requested - ' Unit Title 
Have You Been To The Shore Before? 

Wliat Adventures Can You Have !n Wetlands, Lakes, Ponds, and* Puddles? 

; What Is Our Maritime Heritage? 

How Do People Use Lighthouses And Navigational Charts? 

Is Our Food Future In the Sea? 

Do You Know Our Marine Fish? 

Do You Know OurTMarine Algae? 

What Are_the ABC's of Marine Education? * ' 



Totai « of , 

Units Requested , , X $3,50 = 

Your Name 

Mailing Address 



Street or P.O. Box ^ . 

> 1- 



(Village) 



(State) p/ease prepay; and aliow 4 weeksjor deliveri;, 




Outer Surface of Valve j ^ Outer Surface of Body 




Student Guide 



Laboratory ;activitle5: 
Students can work in teams of 24. 

Materials that wilt be needed; 
Dving sea star in culturejiish^ aquaria^ sea'^water slide, cover glass, stereoscope, ruler, timing device, 
variety of foods, other marine organisms, fiabitat supplies; hand lens, scalpel 

Procedure; 

Using a binocular dissecting microscope or a hand lens, locate the following underlined structures and 
answer the questions. Also, label all diagrams with the underlined words. 



2 
3, 
4. 

6. 



External Aboral Structures v, 

- - - - . . ■ 

. Central disc and'five anns 
What type of*symmetry !s shown? 
What type of life is such symmetry best adapted? ' 

Madreporite or sic^ plate, a small circular area off center 
What color is It? 

Spmes are rough textui4d projections 
Can you think of a pur^se that they might se^ve? 

Anal opening located in center 
What is its function: 

Papula are finger-like projections between spines. 
What is its function? 

Pedtcellaria are pincer-like structures 
Scr^pealittle of the aboral surface.with a scalpel, mount the 
scrapings in water on a slide under a cover glass. " 
Do you see more than one kind, if so how manj^ 
_What function do they serve and why is this necessary? 



Rir 



B, External Oral Sufface 

1. Mouth located in the center. ■ 

2. Ambulacral Grooves groove along the^enter of each arm 

3. Tube Feet 

, How many rows are present in each arm? 
Are they retracted or extended? 

Suction discs at the tip will be difficult to see^ can you see them? 

■ 4, Tentacle — soft at end of each arm 
Touch it and record reaction^ 

5 E^espot — smalPand pigmented on the end of each arm. 
What is its function? ' ' ^ " 

What coforisit? 



4^ 



C, Locomotion — the water vascular systeth* 

Fill an aauariuni-wijh^sea water. 3ea Stars haye a tendency to move up the sides 
of the aquariai ft they will not move in bright light, mo.ve the tank to a dark area 

1. What is the. mode of actforTftCthe water vascular system? 

2* -How do the ampuRa and tube feet act to effect locomotion? . *^ 

Measure the rate of Pocombfion usmg a ruler and a timing device. 

' 1. Record measurements? three times.and averac|e them out; 

Mark one or two of the arms with a ballpoint pen. j. 
1. Does any one arm take the le^? - ^ ~ 

Place some mussels on the opposite ^ide of the tank. Record any reactions 
and time any movements. " 4 

Inveft the sea star. Observe the righting action. ' ' _ _ 

- ft 



D, Feeding ' 

I. Put some different food in your^dish with the sea stir, one at a time. 

Record any preferences. (Suggested food: snails, crustaceans* worms, fish*)* 

How did they'feed? 

Did any everting of the stomach take place? 
How big a piece did they eat?, 

Remove any unealen food at the end of the experiment. Why? ' 



E[ Social Behavior 

1. Add other sea stars to the dish. Record reactio^^s. 

2. Add other organisms (what^ever you wish) and record the reacttoijs. 

3. Add rocksorgnyother suitable non tTietallicobjectstheitcould be usedasa 
haliifat. Do they like dark areas? What type of habifSt do they seek out^^^^ 
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The New Training Vessel State of Maine 

; (TTie Former hJSNS Upshur) 

'V ■ . . 




2nd Deck *A' Uvei 
3rd Deck 'B' Level 
4th Deck 'G* Level 

,5tK Deck'D' LeVel 



'Hold Deck H' Level 
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Ships Character if tics 
(Bi^U in 1952 at Camden, KJJ 

Length .533*9^ 

Beam 73T 

Draft (loaded) 27*0" 

Gross tonnagt 13,319 

Ncttoimagc , 7,158 

Loaded tonnage 17*630 

Height over boot top 90*6" 

Helght-kcel to rnasf top 13S'&' 

Propulsion Geared steam turbin 

Fuelcaracity , X6,154bbls, 

Crew capacity 184 

Cabin capacity 380 

Troop.capaclty 122?-1555_ 





North Coast, Dominican Republic 3 March, 1978 East Coast, Newfoundland 21 August, 1979 




Cape Cod Bay 10 September, 1976 ) East Coast, Labrador 24 August, 1979 




Cape Cod Bay 11 June, 1978 ^ East C^iast, Newfoundland 16 June, 197? 




O ■ Cape Cod Bay 23 May, 1979 (5 o I East Coast, Newfoundland 11 Scptehibsr, 1979 ^ 
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East Coast. Newfoundland 15 My, 1978 




East Coast, Newfoundland 8 August, 1979 




Puerto Rico*3 March, 1979 




Cape Cod Bay 23 May, 1979" 





Puerto Rico 8 February 



1979 




South Coast. Greenland 31 Juiy, 1981 




ERJC ^^^^ August, X979 
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North Qoast, Dominican Re«)ubHc 
10 January, 19S1 




East Coast, Newfoundland 2 July, 1979 




Cape Cod Bay 9 July;^l979 
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East Coast; Newfoundland 20 July, 1978 



North Coast; Dominican Republic 
l^January, 1978 

___._)_ 





East Coast, Newfoundland 31 July^ 1979 



Dominican Republic 10 April, 1979 
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Cape Cod Bay I May. 1976 



Maine Coast 21 Julv. 1976 
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Proimctorarm 




Spinner arrow 
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Spinner Qss3mbli; 



Mount all pieces on cardboard first. Cut out 
pieces. Using a holepunch, punch out 
holes parked 6> Insert brass fastener 
through centers of pieces to be joined so 
pieccsaresccurebutslillniove Vity, 




Protractor asscmb/y 
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